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or PLANE SAILING. 


OS EE — — — 
8 E c T 1 ON I. ; 


- Definitions and Principles. 


AVIGATION i is the art of conducting a 2 ſhip: ben one 
N port to another. | 

his art may be divided into two parts; namely, Mechanical and 
Theoretical. 

Machaxre Ak, or WorxinG NAVIGATION, the art of 
working a ſhip ; that is, of caufing ir 20 obſerye fach motions and di 
rections as are Agnes dy the 1 TO 

This art muſt be learned on ſhipboard, and in the practiee of failing, 

TayzorETICAL NAVIGATION, or. the art of Piloting, concerns thoſe 
eee by which the Navigator, or Pilot, difcoyers in what track the 

oak hn ſo as to arrive fave at the intended port. . 

is either cottimoh or proper. 
cn Poros is that Wich teaches hav eval 
ſhore, or to ſail within ſight of la 


PRorza PrLOTING 5 he Se of flag to diſtant places through the 
(The ar of progr Flor 


proger Piloting, (which alter chat af adit 
et ET „ 


abi I. +» 2. The 


2 4 -w 9e 


. PLANE SATLING k vn 
2. The navigating or conducting of a ſhip through the Ocean to dit 
tant countries, depends on the navigator's being, beforehand furniſhe, 
with the following elements. „ l | 


| 1ſt. A Table of the latitudes and longitudes of the moſt remarkatj 
parts of the Sea-coaſts, Iflands, Rocks, Shoals, &c. in the frequentey 


4 2d.” Maps or Charts of . Lands; together with che depths 


of water, and the times and ſetting of the tides, upon the coaſts. which he 
may have occaſion to approach. | : 


Za. The uſe and application of ſeveral Inſtruments neceſſary to point 
out the way the ſhip is to ſteer, to meaſure the rate ſhe runs at, and to 
find the place ſhe is in at any time, 


4th. A ſufficĩent ſtotk of mathematical learning to enable him rightly 
to uſe the obſervations that may be deduced from the preceding ele- 


- The latitudes and longitudes of places cannot be otherwiſe obtained, 
than from proper obſervations made by perſons who have been in thoſe 
places: conſequently, the collecting of a ſufficient number of theſe muſt 
be the work of many ages. And hence ariſes the great uncertainty of 
the poſition of many places, and even of the little knowledge we have of 
many parts on the ſurface of the Terraqueous globe. See the Geogra- 
phical Table at the end of Book VI. 7 


3. The Maps of Countries, and the Charts of the Oceans and their 
boundaries, are made chiefly from the catalogue of the latitudes and lon- 
gitudes of places. But where theſe are partly wanting, and a good col- 

lection of the poſitions and diſtances of places can be obtained, thoſe 
"i | may be inſerted in the map as truly as the others, the latitudes and 

ongitudes of which are known. W 
The moſt natural way of delineating the ſurface of the Earth, is to do 
it on a ſphere; for then every place in the Globe, laid down by its lati- 
tude and longitude, will have the fame poſition with reſpe& to othet 

places, which they really have on the ſurface of the Earth. But as 3 

Globe is a bulky thing, and not fo eaſily managed, or worked upon, as 4 
plane, therefore has the repreſentation of the ſurface of the Earth been 
made on planes, and theſe are called Maps or Charts, 


In the conſtructing Maps and Charts great care ſhould be taken, 
that the ſeveral parts in them preſerve their poſition. one to the other in 
the fame order as they do on the Earth; and it is likely, that the finding 
out of proper methods'to do this gave riſe tothe ſeveral methods of pro- 
4. There are many ways of conſtructing Maps and Charts; but they 
chiefly depend on two principles. © '- © a ets ES 
1 e 


* * * 


gock VII. ML AN E SAILING. _— 
Firf, From conſidering the Earth as a large extended flat furface : The 
Charts made on this ſuppoſition are uſually called PEANR CHARTS. 
$-condly, From conſidering the Earth as a ſphere : The Charts made 
on this principle are ſometimes called GtoBULAR CHARTS, or MERRCA- 
rok's CHARTS, or REDUceD CHARTS, or PROJECTED CHARTS, 


plane Charts, when made for any large extent of feveral degrees in 


tude between any two Meridians, taken at the Equator, is uſed as the 

diſtance of thoſe meridians in all latitudes ; and conſequently the diſtances 
of places in high latitudes will be too great, and their due poſitions will 
not be preſerved : but Charts made for a ſmall part, as a degree or two 

jn length and breadth, may be reckoned as tolerably exact, eſpecially if 
thoſe places be within the Torrid Zone; nay, a Plane Chart made of all 
this Zone will differ but little from the truth. 


SECTION IB 


CoxnsTRUEeTION | 
1, Having determined the limits of the Chart, that is, how many de- 
grees of latitude and longitude, or meridional diſtance (they being in this 
Chart the ſame), it is to contain: Suppoſe'from the lat. of 20% N. to the 


of 50* W.; then chuſe a ſcale of equal parts, by which the Chart may 

be contained within the ſize of the ſheer of paper on which it is intended 

to be drawn. In the Chart annexed, ſee Pl. VII. the ſcale is ſuch, that 
each degree of latitude and longitude is & part of an inch. 


2d. Make a parallelogram (II. 69) ABcD, the length of which A 
north to ſouth ſhall contain 5x degrees, the differerice of latitude between 
the limits of 20? and 71; and the breadth An from eaſt to weſt ſhall 
contain the propaſcd 50 degrees of longitude, the degrees being Men 
from the ſaid ſcale of ; degrees to an inch; and this parallelogram will 
be the boundaries of the Chart. 1 5 246 


ing the degrees, halves and quarters of degrees (if the ſcale is large 
enough); — 4 lines acroſs the Chart through every 5 or 10 degrees; 
let the degrees of latitude and longitude have their reſpeive numbers an- 
nexed, and the ſheet is hen fad wo recaive the places intended to be de- 


. 4th. On a trait ſlip of paſteboard, or ſtiff paper, let the ſcale of the 


- 


the edge ; and the divi 
left brig all weſt longitude. 
. B 2 5 5th. Seck 


1 — 


high latitudes are very erroneous; for in them the difference of longi- 


;. The Conflruthion and Uſe of the Plane Charts, 


lat. of 71 N.; and from the longitude of London in © deg. to the lon. 


Þ 3d. About the boundaries of the Chart make (II. 81) ſcales contain- 


degrees and parts of de of longitude, in the line AD, be laid cloſe to 
= numbered from the right hand towards the = 
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ſo that the 7 — of its diviſions fall on the right hand borde 


poſed limits will be delineated. 
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sth. Seek in the Geographical Table (at the end of Book VI.) for the 
latitudes and longitudes of the places contained within the propoſed | 
mits z and let them be written out in the order in which they increaſe in 


* 


latitude. 7 
6th. Then, to lay down any place, lay the edge of the paſteboard 

to the diviſions phy, dv ſide he Chart, — > latitude of the — 
| T AB: 

and againſt the diviſion ſhewing the longitude of the given place make * 

point, and this gives the poſition of the place propoſed ; and in like may, 

ner are all the other places to be laid down. 5 

th. Draw waving lines from one point to the other, where the coaſt 

is contiguous, and thus the repreſentation of the lands within the pro. 


8h. Write the names to the reſpective parts, and in ſome convenient 
place inſert a compaſs, and the Chart will be completed. 5 


The Uſe of the Plane Chart. 


6 To fudthe lat. and long. of any propoſed place in the Chart. 


Take with a pair. of compaſſes the leaft diſtance between the given 


place and ſome parallel of latitude; this diſtance applied (the fame wy) 


to the graduated meridian on the border of the Chart, keeping one point 
on the ſame parallel of latitude, the other point will ſhew the degrees of 
latitude the propoſed place is in. - 
And in like manner, the diſtance between the given place and ſome 
meridian, applied (the ſame way) to the graduated parallel on the top or 


bottom of the Chart, will ſhew its degrees of longitude. 


Thus the diſtance between Cape Finiiterre and the parallel of latitude 
of 40% laid on the border from 40* upward, gives 43* 15' N. for Cape 
Finiſterre's latitude: And the diſtance of the Cape from the meridian 
paſſing through 10% of longitude, being laid on the bottom border from 
10 toward the right, gives “ 20' W. for the longitude. 


* Two places being given, ſup poſe Cape Clear and the Wand of St. Mi- 


 chael's, one of the Azares, to find the bearing and diſtance between them. 


Lay a ruler by the two places, C. Clear and St. Michael's, take the 


| neareſt diſtance between the center of the compaſs and the edge of the 
ruler ; in this poſition flide one point along the ruler, and the other point 


will run along the point of the compaſs ſhewing the bearing, which in 


| this caſe is 8. W.; that is, St. Michael's lies to the 8. W. of C. Clear, 


or C. Clear to the N, E. of St. Michael's. | 
The diſtance between the two places applied to the graduated parallel 
from o degrees, will give the number of degrees, which converted into 
miles ſhews their diſtance. =, | 
Thus the diftance from Cape Clear to St. Michael's will be found t 
he about 17* 10, which multiplied by 60 gives 1030 miles. 


. i 
* o : , % 


g. 7h 
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g. The diſtance ſailed on a given courſe, and from a given place, being 


* t ' the place the fhip is in. Thus ſuppoſe a ſhip ſails from Cape 
1 fir 1030 miles Required her preſent place, * 15 


Reduce the given miles (1030) into degrees and minutes, and take them 
(17 10/) with one pair of compaſſes from the graduated ſcales. 

Lay a ruler by the center and the given point of the compaſs (S. W.); 
take the neareſt diſtance between (Cape Clear) the place failed from and 
the edge of the ruler with another pair of cempaſſes; in this poſition, 
fide one point along the ruler until the other point has got as far diſtant 
from the given place as is the given diſtance, which is found by applying 
the opening of the other pair of compaſſes from (Cape Clear) the given 
place, till the points of both pair of compaſſes meet; and that will give 
the preſent place of the ſhip, which will be found in the latitude and lon- 
gitude of St. Michael's ; and theſe are known by Art. 6. 

The Mariner working by the preceding precepts, will preſerve his chart 
free from a multitude of lines: But when this is not regarded (as indeed it 
is ſcarcely worth while), the operations will become ſomewhat ſhorter. 


9. The latitude of a glace (A), and its bearing from a given place (8) 
1125 known ; to find the place (a) on the chart, and its diſtance from (B 0 ; 


Through the given place 8 draw a line parallel to the given point of the 
compaſs or bearing; then an eaſt and weſt line drawn through the lati- 
tude of A, its interſection with the former line will give the place ſought, 
The diſtance may be meaſured, as in Art. 7. TO | 


10. The latitude of a place (A), and its diſtance from a given place (8) 
being known; to find the place of A on the chart. 21 
Draw an eaſt and weſt line through the latitude of A; take the given 
* diſtance in degrees from the graduated ſcale; then this diſtance being 
applied from the given place , will cut the ſaid caſt and weſt line in the 
required place of A. e | — | Fey. 2 


II. The longitude of a place (a, and its diſtance from a given place B) 
being known; to find the place of a on the chart. Es i mw a 

Draw a meridian through the longitude of A; then the given diſtance 
taken as before, and applied from x, will cut the ſaid meridian in the re- 
quired place of A. 8 5 


12. The longitude of a place (A), and its * from a given lace ( 
being known ; to find the place of a on the chart. LE . i 


Through the given place 8 draw the given beating. 8. By 
1 a meridian through the longitude of A, and its interſection with 
the ſaid bearing will be the place of A. 


And in this manner may every poſſible caſe of failing by the plana 
Ig t be readily ſolved. But as the accuracy of theſe L cannot 
truth the A f five or ſix minutes more or leſs than the 
the g de more avi the computations given in 
the following 6 — A igators depend on mputations gin 


B 3 SECTION 


———Uü—U—ỹ —— — 


From this conſtruction of the Mariner's 


6 PLANE SAILING, Book VII 
SECTION m. 
Of Plane Sailing. 


13. PLANE SAILING is the art of navigating» a ſhip upon prinelples 


deduced from the notion of the Earth's —_ an extended plane. 


On this ſuppoſition, the meridians are eſteemed as parallel right lines 
the parallels of latitude are at right angles to the meridians, the lengths 
of the degrees on the meridians, equator, and parallels of latitude, are 
every where equal; and the degrees of longitude are reckoned on the 
parallels of latitude as well as on the equator. ni: a 

14. The PLANE CHART is a map, or repreſentation, of the ſeveral 
parts of the Earth laid down from theſe principles, according to their la- 
titudes and longitudes, on a ſheet of paper, or other flat ſurface. (5) 
When the parts of the Earth are thus delineated on a plane, it is eaſy 
to ſee the track by which the ſhip may go from one place to another; and 
alſo what angle this track makes with the meridian ; ſhips at ſea are kept 
8 — track, or path, by the help of an inſtrument called the Mariner's 
,ompals. 
15. The Maringr's CompPass is an artificial repreſentation of the 
horizon of every place, by the means of a circular piece of paper called a 
Card, divided like the horizon into degrees and points, which are called 
Rhumbs. Now the card being properly fixed to a piece of ſteel called 3 
Needle, that has been touched with a loadſtone, (the property of which 
is to cauſe one end of the needle, ſo touched, to point towards the north, 
when turning freely on ſomething ſupporting it), all the points of the 
card will be directed toward their correſponding paints of the horizon. 
— it follows, that in 
every place the north point of the card ſhews the poſition of the meridian 
in that place; and ſome one rhumb, ar point of the card, will coincide 


with, or be directed along, the track that makes any given angle with the 


meridian : Conſequently, by the help of the card, or compals, a ſhip may 


be kept on any propoſed track, or courſe. 


16. A Ryvms Lint is a right line drawn from the center of the com- 
paſs to the horizon; and is named from the point of the horizon it falls 


in with. | | : 
17. The Covrss is an angle which the Rhumb line the ſhip fails 
on makes with the meridian, and it is ſometimes reckoned in degrees, 


and ſometimes in points of the compals. 


18. DisTANCE is the number of leagues, miles, &c. intercepted be- 


tween two places reckoned on a Rhumb; or it is the way or length 2 


ſhip has gone on a direct courſe in a given time. 
19. DiFFeRENCE of LAYITUDE is: the diſtance which a ſhip has 
made north or ſouth of the place ſhe ſet out from; and it is reckoned ia 
miles and parts of a mile an a meridian. 4 ; 

20. DEPARTURE is the eaſt or welt diſtance which a ſhip has made 
from the meridian of the place ſhe departed from, reckoned on the pa- 


rallel of latitude which ſhe is arrived in, and in the plane chart it is the 
fame as the difference of longitude, — 


* 


1 21, If 
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21. If a ſhip fails either due north or ſouth, ſhe fails on a meridian, 
makes no departure, and her diſtance and difference of latitude are the 
af a ſhip ſails either due eaſt or weſt, ſhe runs on a parallel of latitude, 
makes no difference of latitude, and her departure and diſtance are the 


TN he difference of latitude and departure always make the legs of a 

right-angled triangle, the hypothenuſe of which is the diſtance the ſhip 
failed. "3-2 ES 

12 hen the courſe is 45 degrees, or 4 points, the difference of latitude 

and departure are equal. OY 

When the courſe is leſs than 45 degrees, or 4 points, the difference of 
latitude is greater than the departure. | 3 

But when the courſe is greater than 4 points, or 45 degrees, the de- 
parture is greater than the difference of latitude. 

22. When a figure relating to a ſhip's courſe is to be conſtructed, it 
muſt firſt be conſidered whether the ſhip is failing northward or ſouthj- 
ward ; and whether ſhe goes to the eaſtward or weſtward of the place 
ſhe departed from; for the lines in the figure muſt be drawn accord- 
ingly. Fs | | 

Thus, Let the upper part of the paper, or what the figure is drawn 
on, always repreſent the north, then the lower part will be ſouth, the 
right band fide eaſt, and the left hand fide the weſt. 

Draw a north and ſouth line to expreſs the meridian of the place the 
ſhip ſails from; then if the courſe is to the ſouthward, mark the upper 
end of the line for the place failed from; but if the courſe is northwarg, 

mark the lower end for that place. „„ 
Through the point failed from draw a line perpendicular to the meri- 
dian to repreſent the parellel of latitude of that place; and from the ſame 
point, with the chord of 60 degrees, deſcribe a quadrantal are on the eaſt 
fide of the meridian, if the courſe is eaſtward, or on the weſt ſide, if the 
courſe is to the weſtward, OR 

When the courſe is given, the chord of the degrees, or points ex- 
prefling it, is to be taken with a pair of compaſſes, either from the ſcale 
of chords or of rhumbs * : and is always to be laid off on the quadrantal 
arc, beginning at the meridian. 5 

The line expreſſing the diftance the ſhip bas run, is always to be drawn 
from the center of the quadrant, or point failed from, through that point 
of its are which limits the courie. EEC 5 7 

The difference of latitude, in leagues or miles, taken with the compaſſes 
from a ſcale of equal parts, is ever to be laid on the meridian, reckoning 
from the center of the quadrant. 


— 


lit. _ 


I * — — — — — — — 
8 - n 


A quadrant, or arc of 90, being divided into eight equal parts, and 
each of theſe into quarters; then if from one end of the arc the ſeveral di- 
Viſions be transferred to the chord of go®, as in Book III. Art. 18. a line of 
thumbs is conſtructed, the uſe of which is the ſame as that of the chords, 
— make an angle whoſe meaſure is given in points inſtead of de- 


N B 4 . „ 
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The departure is a right line parallel to the eaſt and weſt line before 
drawn, joining the ends of the lines expreſſing the diſtance and difference 
of A * 1 A 1 ; 
23. In the annexed figure, ſuppoſe the cirele FHFH to ſent g 
horizon of the place a, | whence the ſhip nn 
ſails; Ac the rhumb ſhe fails on, and c the © | 

lace come to; then an repreſents the paral- 

| of latitude ſhe ſailed from, cc the parallel 
of the latitude arrived in: So that Ab be- 
comes the difference of latitude, Dc the de- _ 
parture, AC the diſtance failed, the angle DAC 
i the courſe, and the angle DCA is the com- 
plement of the courſe. | Ti 

Theſe particulars will be alike repreſented, 
whether the ſhip fails in the N. E. or N. W. N. 
8. E. or S. W. quarter of the horizon. 1 

Hence it is evident, that the difference of % : 
laticude, departure, and diſtance, form the ſides 17 | ir 
of a right-angle triangle, whoſe angles are the / © | 
courle, its complement and the right-angle, ——ð—3³ẽ — 
whoſe {ine is radius; therefore among theſe P 
four things, courſe, diftance, diff. lat. and departure, any two of them 
being given, the reſt are to be found by plane trigonometry. 


24. . Of the 7. reverſe Table. 


For the ready working cf any fingle courſe, there is a table, called the 
Trgverſe Table, uſually annexed to Treatiſes of this kind; which is ſo 
contrived, that by finding in it the given courſe and a diſtance not ex- 
ceeding 100 miles, the diff. lat. and departure is had by inſpection. The 
courſe is to be found at the top of the table, when under 4 points, or 45 
deg ; but at the bottom of the table when it exceeds 45 deg. Each 
column ſigned with a courſe conſiſts of two parts, one for the diff. lat., 
marked Lat. the other for the departure, marked Dep.; which names 
are both at the top and bottom of theſe columns. The diſtance is to be 
tound in the column marked Diſt. next the margin of the page. 

This table will ſerve for greater diſtances, by taking their halves, thirds, 


fourths, &c, and doubling, tripling, quadrupling, c. the diff. lat. and 


departure found to thoſe parts of the diſtance. Y | 
The traverſe table contained in this Treatiſe, at the end of Book VII. 
has the diſtances continued to 120, which is a number more capable of 
fubdivitions than 100: Befides, the table is divided into two parts; the 
firſt contains the whole points and quarter points in a quadrant ; and the 
ſecond patt is fitted to every degree and quarter of a degree in the qua- 
drant z whence the courſe and diſtance, reſulting from a day's work, is 
more accurately obtained than by the common traverſe tables. hs 
25. All the proportions that can ariſe in plane failing are exhibited in 
te following table; they refer to the preceding figure, where AE, AF, ot 


AH repreſent the radius of the tables, Ex the fine of the courſe, Gy its tan- 
gent, and AG its ſecant; A ſtands for the ſine of the complement of the 


courſe, HI its tangent, and Al its ſecant. 
urſe, H tangent, | a, Theſe 


PLANE SAILING . = 


Theſe proportions are here inſerted, to exerciſe the learner in reaſon- 
on the relations ſubſiſting between theſe lines and thoſe repreſenti 
he diſtance, departures and difference of latitude : but in what follows, 


nioſity than ule. 
Go Given N. Solutions by fines | Solutions by tangents and ſecants 
— y ſim. A ADc,anzþy fim. Ape, ro ſim. AaDc,a 


=T1 
| 


Rs F 1 
LAAT De [AB: EB:: AC: DC/AG:FG:: Ac: DC|AI:AH:: AC: D 
pl AC AB: AB:: AD: Ac: AC:: AD: Ach: AL: Ap: A 
2 CD |AB: BE:: AD: DClAF:FG::AD: Dehn: An:: An: 5 
a OO AG:: DC: AC[AH: Al: : DC: A 
3140S" a BE: AB:: DC: ADHS: AF:: DC; ADAH: BEI: DC- A 

. Ac: A:: AE: ABAD: AC:: AF: AG| 
[4 Ab, AC) oc AR: ER: AC: DCAF:FG:: AD: DC 
FR „ der Ae: An: A 
| 1 df AH: HI::DC: A 
1 TEA ain AM: WM 
lac | F:AG::AD: ACAH: AI::DC: A 


26. To affiſt the learner, the proportions hereafter uſed are given in their 
nautical terms. | | 


wt. 


* 


a 


Cate Given Required SOLUTT ONS. 


Courſec Dif- bat. : Diff. :: Col. Cou: : Diff. lat. Ne 


— 


| 

EF — — 
N 7 

, 


Diitance[Depart, | Rad.: Diſt. : : fin. Cou. : Depart. Ne II 
Courſe Diſtance |Cof.Cou. : Dift.lat.: : Rad. : Diſtance. N* ILL] 
Diff. lat. Depart. Coſ. Cou.: Diff. lat.:: fin.Cou. : Depart. or by N*IL.} 


— 


— 


2 [Courſe |Diftance Sin. Cou. :Depart.:: Rad. :Dift, © N . 
© |Depart, Diff. lat. Sin. Cou. : Depart. : : Coſ. Cou.: Diff. lat. or by NI. 


Diltance Courſe Dif- 7 Rad, : Diftlat. : Col: Cou. N* VII. 
Diff. lat. Depart. |Rad. : Diſt. :: fin. Cou. :Depart. by Ne II. 


y—= 


I 
2 
3 
4 
3 


Depart. Diff. lat. Rad. : Diſt. ©: Cof.Cou. : Diff. lat. by N“ I} 


— 
. 


6 Diff. at|Courſe Diff. lat.: Depart. :: Rad. : tan. Cou. N* XI. 
_ |Depart. [Diſtance Sin. Cou.: Depart, :: Rad.: Diſt. by N* V. 


15 plied to ae _— ſalutions of all the varieties of lingle courſes in 
owin —_— 5 

The numbers I, II, &c. placed at the end of theſe Canons, ſhew which 
Proportion they refer to in the upper table ; reckoning two in each caſe. 


2s A 


Dutance Courſe |Dift. : Rad. :: Depart. : ſin Cou. NIX“ 
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27. A Tani of the 


angles, which every Thumb, or point of * 
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compaſs, makes with the meridian. 
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WEST. 


WEST. 


| Before the learner begins to 
be fo well acquainted with the 


work the caſes of plane faili 
compals, or this table, as to 


Ing. q 
be able readily 


he ſhould 


to tell how many points any of theſe courſes or rhumbs are diſtant from 
from the parallel, | 


the meridian, or 


* 
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t rien 

Of Single Cour ſes. 
28. Cas I. Given the courſe ſteered, and the diftance run: 

Required the difference of latitude and departure. 

u. A ſhip from the latitude 47* 30' N. has ſailed S. W. by S. o8 
2 lat. is ſhe in, and what dep. has ſhe made? | 
By the Trnaverse TABLE. 
Find the given courſe at the top or bottom of the table among the 
points or degrees; and in that column, right againſt the diſtance taken in 
its column, ſtand the diff. lat. and departure in their columns. | 
Thus the courſe is 8. W. by S. or 3 points, in which column, and 


Book VII. 


againſt the diſtances 98 in the column of diſtances, ſtand 81,5 miles for 


4 diff. lat; and 54,45 miles for the departure. 
„ By Cons TRUCTION. (22) 
1. Draw the meridian AD, and make the quadrant 8 
Anmcp. | 9 
2. Make nc rhumb of 3 points, and through c draw 
AB equal to 98 miles. 1 
3. Draw BD parallel to pA, meeting Ap in D, 
Then AD, the diff. lat. meaſures about 811 miles. 
And ps, the departure, meaſures about 54,4 miles. B * 
BV ComPUTATION. | : 
The courſe being 3 points 33 45'. | The comp. courſe is 5pts. = 5615 
To find the diff, latitude. { To find the departure. 


As rad. = 9 o 10,00800 As rad. = 90 O 10,00000 


98 m. , 199123 
33˙ 45 97471 


1.73597 


Jo diff. = 98 m. 1,99123 | To diſt. 
So co-f. co. = 33* 45 991985 So ſin. co. 


To bt ut, = % 1.91108 | Todep. = 80 


r = 

On the line of fine Rhumbs , the extent from Radius, or 8 points, to 

3 points, applied to the line of nuinbers, will reach from 98, in either in- 
terval, to 5454. | > 15 


And the extent from 8 points, to 5 points among the Rhumbs, reaches 


from 98 to 81, 5 on the line of numbers. 


Or thus. The extent from Radius, or 8 points, in the 8. R. te 98 in 
the Numb. will reach from 3 points in the Rhumbs to 54, 4 in the Numb. 
_ the ſame extent will reach from 5 points in the Rh. to 81,5 in the 


Numb, 
— nin The lat. from 47 30 N. 
8 * —{, lat. t 21 8. Th me 


— 


1 Lat. in 5 9 N. Dep. 54.4 miles Weſt, 


” — 


2 lines on the Gunter's ſcale marked S. N. and T. R. fignifying Sine 
to nds and Tangent Rhumbs, are the logarithmic fines and tangents anſwering 
| © degrees. and minutes in each point and quarter point of the Compaſs, 


29. CA 


transferred from the ſcales of log. fines and log. tangents. 
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Book yy, 


29. CAsE II. Given the courſe ſteered, and difference of latitude - 
Required the diſtance run, and the departure, 


Exam. A ſhip has ſailed S. E. by S. from the lat. 47 30“ N. 5 6 
Lat. 46* o8' N. What diflance has ſbe run, and what departure bas 


By the Tnavenss TABLE. 


Find the courſe among the degrees, and the diff. lat. in its col 
right againſt which ſtand the departure and diſtance in their columns. 

Now taking 46* o8/ from 47 30, remains 1* 22 82 m. the dif 

Then the courſe 8. E. b. S. is 3 points, under which in the column of 
lat. the neareſt number to 82 is 82,3, the correſponding departure is 5% 
and the diſtance gg miles. Fs” 


By Cons TRUCTION. 
3ſt. Deſcribe the quadrant a mc. 1 
2d, Make mc=rhumb of 3 points, and continue 
Am till ap=82 miles. 1 
3d. Through D draw bs parallel to ap, meeting 
the line AB drawn through c in the point B. 
Then the diſtance. AB meaſures about gg miles. 
And the departure DB meaſures about 55 miles. 


By Coururar fon. 


The courſe 3 points 33 45 | The comp. courſe is 5 pts. 56 15 
To find the diſtance. To find the departure. 

As co-ſ. co. = 33* 45” ©,08015 | As co-f. co. = 33* 45 ©0,08015 

To diff. lat. = 82m. 1,913$1 | To diff. lat. = 82m. 1,91381 

So rad. = 90% ο 10,00000 | So fin. co. = 33* 45' 974414 
. n ts | 5 — — 

To diſt. = 98,62 1.99396 To deep. S 54/9 173870 


By Gu x rER's SCALE. 


On the line of ſine rhumbs, the extent from 5 points to 8 points, cr 
radius, will, on the line of numbers, reach from 82 to q. 3 
And the extent from 5 points to 3 points on the 8. R. will reach from 
82 to 55 on the line of numbers. — | — 
Or thus. The extent from 5 points in the fine rhumbs, to 82 miles in 
the line of numbers, will reach from 8 points in thoſe rhumbs, to 99 in the 
numbers; and the ſame extent will reach from 3 points in the rhumbs io 
55 in the numbers. 2 9s 1 : 
Note. In all theſe cafes, wherever the cp-ſ. courſe is uſed, the deg · pu 
gown is the courſe itſelf, yet the log. belongs iy the comp. of that courſe. 
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III. Given the courſe ſteered, and the departure: 
30. CASE u Required the dift. run, and diff. latitude. 
M. A hip from lat. 4 e 36, i. & WW. finds e has 
Ry miles of departure : a . bes aiflance run, and what lat. is ſhe 
By the TRAVERSE TABIE. 


| now in? 
Find the courſe amang the degrees, and the departure in its column; 
right againſt which ſtand the difference of latitude, and the diſtance in 


their — ve columns. 


d the neareſt number to 82, is 82,3; and the correſpondin 
kf, true is 55 miles, and the diſtance i is 99 miles. * 


By Cons TRV TION, IM 


| 1ſt. Deſcribe the quadrantal arc Amep. = 

2d. Make mc = rhumb of 5 points, and continue 

45 till ab=82 miles. | 

zd. Through b draw bn parallel to am, meeting 
the line AB drawn through c, in B * — A 

4th. Through 8 draw BD parallel to BA, meeting 7 22 
Am continued, in D. 75 

Then the diſtance AB meaſures about 99 miles. 

Aud the diff. lat. AD meaſures about 55 miles. 


By ComPUTATION. 


The conch 5 points is 56* 35” | The comp. courſe is 3 pts. 33 485 


By GunmTen's SCALE. 


On the line of ſine rhumbs, the extent from 5 points to 8 . or 


radius, will, on the line of numbers, reach from 82 to 99. 


And the extent from 5 points to 3 points on the line 8. R. will reach 


from 82 to 55 on the line of numbers. 


Or thus. The extent from 5 points in the fine rhumbs to 82 miles 


in the line of n numbers, will reach from 8 points in the rhumbs to 99 in 
numbers: And the ſame extent will reach from 3 points in 1 


to 55 in the numbers. 4 
Lat, from 479 300 N. 
— — 


Now the courſe N, W. b. W. is 5 points, over which, in the column 


To find the diſtance. | | To find the diff. latitude. | 

As ſin. co. = 56 15”  o,08015| As fin. co. =56* 15 o,oforg 
To dep. — 3 SP 1,91381 To dep. = gam. 15,9138. 
So nd. S go 10,000 80 co- . co =56"15" 9,4474 
To diſt. = 98,62 1,99390 | To diff. lat. = 5479 1,7387 
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1 PLANE SAILING. Baku. 


. Casz IV. Given the diſtance and difference of latitude : 


Exare. 4 ip fron let. 43* 20 M foils between the nevth and 4c, 
miles, and is arrived in lat. 48" 42 N. What courſe did ſhe h, 2 
what departure has ſhe made? . 


: By the TAAVEAS R TAL I. 


Seek in the table, till againſt the diſtance taken in its-column be found 
the given diff. lat. in one of the following columns; and adjoining to 
it ſtands the departure, which, if leſs than the diff. lat. the courſe ig 
found at the top of the column; but if greater, the courſe is found at the 

335 having taken 47 20“ from 48? 42 leaves 1 22'=82 m. the 
1 . lat. | | | | 
- Then ſeeking till againſt diſt. g8 ſtands lat. 82, the neareſt will be 
lat. 81,95, and here the departure is 53,73 m. and the courſe is 33 15. 


* 


OO By Cons TRUCTION 
26. Deſcribe the quadtant up 
ad. Continue am, till av=82 m. es 
34. Through p draw Ds parallel to ap. e 
4th. On A with the diſtance 98 cut D in 3. . 
Then the departure DB meaſures about 53 m. \ 
And the courſe Das is meaſured by the arc mc of AC. 
about 332. | 


I By . CoMPUTATION: 


To find the courſe, To find the departure. 

As diſt... =98 m. 8,00877 | As rad. = go? oof 10,00000 
To rad. = go%o0gd 16,00000 | To diſt. = 98 m. 1,9912; 

So diff. lat. = 82 m. 191381 80 ün. co. = 33 12 9,73843 
To co-ſ. co. = 33* 12 9.92258 Todep. & 53,66 172990. 


By GunTtxr's SAT E. 
On the line of numbers, the extent from 98 m. to 82 m. will, on tie 
line of ſines, reach from go, or radius, to about 57 degrees. IF 
And the extent on the line of ſines, from 90 to 33*, will reach on che 
line of numbers from 98 m. to about 534 miles. . 3 
Or thus. The extent from 98 m. in the line of numbers, to 90 1 
the line of fines, will reach from 82 m. in the numbers to about 57 " 
| the ſines: And the ſame extent will reach from about 33 in the fines, © 
about 534 in the numbers. | | 
So that the courſe is N. 3 12 E. or N. E. b. N. nearly. 
And the departure is N. 53,66 miles to the Eaſtward. 


32. Cas8 


wok Vl. PLANE SAILING, bs 


CASE V. Given the diſtance and departure: | 
* Required the courſe, and difference of latitude. 


Ex AM. From the lat 5305 13 N. a ſhip, in ailing between the. ſouth and 
ft g8 miles, makes ber departure 82 miles : What courſe did ſhe keep, and 
what lat. is ſhe arrived at? REST FR IE ke. 


By the Traverse TABLE. 


Seek in the table, till againſt the diſtance, taken in its column, be 
pound the given departure in one of the following columns, and adjoin- 
ing to it ſtands the diff. lat. which if greater than the departure, the 
courſe is found at the top of the column; but if leſs, the courſe is found 
at the bottom. Wo 2 FF ; 

Now ſeeking till againſt the diſt. 98 ſtands 82, the neareſt will be 
$1,95, ſigned Dep. at bottom ; and here the diff, lat, is 53,73 m, and 
the courſe is 560 4 5'. | — | ; | | 


By Cons TRUCTION. 
iſt, Deſcribe the quadrant Amcp. 4 
2d. Continue Ap, till Ab=$2 m.; and through 
4 draw 6B parallel to am. 
4d. From A with the diſt. 98 m. cut bs in 3. 
4th. Through B draw BD parallel to ab, meeting 
am continued, in . pn ws i agen web ng 
Then the diff. lat. aD meaſures about 53 miles. 
And the courſe DA is meaſured by the arc mc of about 57. 


By CoMPUTATION. 


To find the courſe. BOT To find the diff, lat. 
As ditt 2 98 m. 3.00877 | As rad. = go® c 10,00000 
To rad. = 9oꝰ os * 10,00000 To diſt. =98 m. 1,99123 
So dep. = 82 m. 1,9138180 co-ſ. co. = 56* 48 9.73843 


To fin, Ca; 2 56® 4% 


| 9,92258 ia diff. lat. 1 53.66 | 1,72966 


|: On the line of numbers, the extent from 98 m. to 82 m. will, on the 
ine of fines, reach from go?, or radius, to about 57 degrees. a 
And the extent on the line of fines, from 90 to 33 will reach from 
ms. to about 534 m. on the line of numbers. 0 „ 
"Ka thus. The extent from 98 m. in the line of numbers to 90e in the 
duc Of fines, will reach from 82 m. in the numbers, to about 57* in the 
ns, And the ſame extent will reach from about 33 in the ſines, to 
80. 53z m. in the numbers. „ F 
2 72 the courſe is 8. 56? 48“ E. or S. E., b. E. nearly. 
| the latitude arrived in is 49 10 NN. 


g 33. ca 


—— — — — —.df a — 


he line of tangents from 35 to about 33˙%·n 


And the diſtance is and 
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Cas VI. Given the „ — digartee; 


2 A Bid from lat. 48 32' N. is arrived in lat. 49 49* 54/ 


N. and; 
of 54 miles to t the weſtward parted meridian : What coeur ls 
er, and what is the di arg Prank inp; fe did jte 


By the TRaverst TAIII. 


Seek i in the table till the given diff. lat. and departure are found 
22 in their reſpective columns: then right againſt them will be foun 
diſtance in its column, and the courſe ſtands among the degrees at 
the top or bottom of the-column, where the diff. lat. and depart. were 
Now 48* 32/ taken from 49" 54 leave 1* 22/=82 m. the diff. lat 
Then in the table it will be found, that the numbers ſtanding together 


the neareſt to 82 and 54, are 81,95 and $373 > the diſtance anſwering | 
I UNE 3 33* 15. 


By Cows TaucTton. 


it. Deſcribe the quadrant. anch, and continue 
Am till av=82 m. 2 

2d. Through D draw BD parallel to Ap, and equal 
to 54 miles, and draw AB. 

Then the diſtance AB meaſures about 98 miles. 

And the courſe DAB is meaſured. che the arc mc * 


about 335. „FF ED | 7 ——ůĩů 
By CompuTAm10N, 

Tin Gal the counts. „ { To find the diſtance. 9 
As dif. lat. = $2 m. 8.08619 As fin. co. = 33* 22 o, 25964 
To depart. =54m. 1,73239] To hs bet = 54 m- 1,73239 
So rad. =qg2® of . — Sor _ 7. 0⁰⁰ 1000000 

; | ; | % GT 
To tan. co. = 33-22 ET To ai, e 1,99 203 


* 


bY ö Scan. 1 
On the line of nuftberz, the extent from 82 m. to 54 m. will reach on 


2 | 
Or thus. The extent from 82 on the hee of aumbers to 457 in 


And the extent on the line of fines, from about 33* to go, 


on the line of numbers from 54 m. to about 98 m. 


line of tangents, will reach from 54 in the line of numbers, 2 
in the ſine of tangents. 


Alſo, the extent from about 35 in the fines to 54 in the numbers, Vi 
3 900 in the fines to about 98 m. in the numbers. 


courſe is N. .22' W. — De 3 


9 
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34. Queſtions to exerciſe the foregoing Cafes. 

QuEsST. I. Four days ago we were in lat. 3 25 S.; and have ſince that 

time run on a direct courſe MV. by N. at the rate of 8 miles an hour : Re- 

quired our preſent latitude and departure ? | 

day=24 hours: Then 24 x 4=96 hours. 

= 9 x8=768 miles, the whole == 
CONSTRUCTION. » 

it, Draw the meridian AD, and deſcribe the qua- 

drant Amp. TO 2 

26. Lay off the courſe 3 points from m toc, and draw 

the rhumb line AB. ok 


* 


zd. On the rhumb line lay the diſtance from A to 1 

s, and draw DB parallel to p A. . 
COMPUTATION, 7 

As rad. = 90 of 10,00000 | As rad. q oO 10,00000 

To diſt, =768 m. 28,885 36 To diſt. ss m. 2.38536 


So col. co. = 33 45” 9.91985 So fin. co. = 33 45 9:7 4474 
 Todiff, lat. =638,6 m. 2,80521 ro dep. 22426, m. 2,3010 


Sf Rn Then lat. from 5 25'S. 
1 7 14 N. 

* | Depart. 4426, ) miles. 
Quesr. II. Yefterdoy noon we were in lat. 38 32 V.; and this day at 
noon we were in lat. 36* 5& N. we have run on a direct courſe between the 


S. and E. 53 knots * an hour: Required our courſe and depdFture ? 


Lat. from 380 32/N. 24 hours, 
Diff. lat, 1 36=96m. 120 
; 3 — 120 
Diſt. =132,0 m. pl ————— 


Cons r. Deſcribe the quadrant aws : draw the meridian AD=50, | 
and draw DB parallel to Ap; with 132 m. from A, cut DB in B. £ 
COMPUTATION. | 


As diſt, = 132 m. 7.87943 As rad. = 900 oo I 
- = B32 943 As rad. 29 10, ooo 
2 rad. = go' o 10, 00000 To diſt. = toy 2,12057 
Gf. lat. = 96m. 1,68227|So fin, co. = 43% 20” 9,83048 
To coſ. eo. = 43* 20 9.86170 Todep.. = 90,8 195705 


Anfwver $ Courſe is S. 43% 20 E. or SE. by S. J E. nearly. 
1 Departure 90, 58 miles to the Eaſtward. 


8 A knot is. the fame as a fea mile, 60 to a degree. 
Vor, II. | | E 


0 
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_ . Qwesr, III. A ſhip in lat. S. is bound to a port 5 
V. Vl in lat. 4 30 M. Hou fr an, the por iy the ua 


and what is the g's dance from it 
Lat. from 3* 52'S 
Lat. to 4 30 N 


- Diff. lat. 8 222502 miles. 


Cons r. Deſcribe the quadrant a mp: Draw the meridian ay= 502 
and through D draw Ds parallel to A p : make mc points: Through 


c draw AB meeting DB in B. 


3 8 8 
| Ascof. co. = 65 o, 32650 As col. co. = 
| To diff. lat. = 502m. 2,070 To diff. lat, = 502 m. 
80 rad. = 90 oof 10,00000 | So fin. co. = 


— 


To diſt. 2 00 4 To dep. = 938, 9 2,97 260 


| The 9 t the weſtward. 
— f The direct diſtance is 106g. 


8 IV. 4 ſbip from lat. 300 14 N. fails SE.ly E. 1 E.; and 
four days after meets a ſloop who had ſailed direciiy eaſt at the rate of 6 mile 
an hour, ſhe having been, four days before, under the meridian the hip de- 
paried from: Required the difference * _ rates of failing, and their 


preſent latitude ? | 
As the ſhip and floop failed from the ſame meri- 1 b 
dian, and the floop runs directly eaſt; therefore 4 
her diſtance will be the ſhip's departure. | DE 
Nov in 4 days are 96 hours. | a & Ss 
And 96x6=576 miles of departure. 10 — 


Coxs r. Deſcribe the quadrant Amp. 
In Ap continued take a b=576, and draw h B parallel to a m. 
Make mc g= 5 points, and through c draw A c, meeting þB in B. 
Through B; draw BD parallel to þ A meeting A m continued in D. 


ComPpuTATION. 


As fin. co. = 61 52 0©,05460| As fin. co. - 619 52 0,95460 
To dep. = 576m. 2,6042 Todep. = 2,70042 
+ Sorad. = go® 0o' 10, 0000 So col. co. = 61 52 9.67350 
Todit. S 653 m. 3,1302 To d lat. = 308m. . 248855 
Now 96)6 5 3,2 (6,8 m. per hour ae 208 £2) 20.8(Then bas. fr. 30® 14 
2 5 — — 
K II ws 
| 6. 


$0 the diference of ei rs of llng i Zo f of «ml pr bor I 
281. 


— ww 


So rad. 


Book VII. 


has A led 3 
and how many 


miles. 


4 to the weſtward ? 


| depreſs the pole two degrees, the ſhip maſt 
To until her diff, lat. is 2 degrees, or 120 


NA SAILING. 
Quesr: V. A ig fon the tat the lat. 48* 17 N ails &. by F. until ſhe 
2 r 


degrees : 


ConsT. iſt; ths av=&£E. lat. 120 m. 


2d. Deſcribe the quadrant * and make mc=3. 


oints. 


30. Through c draw AB, meeting DB, drawn through | 


D, parallel to Ap. 


Ascof. co. = 33% 45 
To diff. lat. 120 m. 
go® o 


To diſt. == 1443 


0508015 As coſ. co. = 3345 
2,07913| To diff. lat. = 120 m. 
10, 0000 80 fin. co. = 3345 
2,15933 To _ = 80,18 


\ - Ship has run 144,3 miles. 
Aer 1 And has got to the weſtward 80,18 miles. 


Quesr. VI. Two 


— 


19 


ect diſtance has Me run, 


ports lie under the ** meridian, one in latitude 52® 


30 M. and the other in latitude 47* 10 NM. A ſbip from the ſouthernmeft 


| fails due eaſt ꝙ knots an hour, and two 
| failed from the northernmoſt port : — the fey direct courſe and diſe 


tance run 


« JI 


Here the diſtance which the ſhip fails eaſt is the A, 


J 


lloop's departure. 
Now 2 days=48 hours. 
Then 48 x 92 —— 
Sloop's lat. 520 300 N | 
Ship's lat. 47 10 N. 
Diff. lat. 5 20=320 m. 


Congr. In the meridian, take ap for the diff. lat. 


* to AD dn the — DB=432 m. and dray the diſtance : 


To depart. = = 432 m. 


Town. en un 


— — * 


. 


7.49485 As fin. co. = 33˙ 28 

2,03548| To depart, = 432 m. 

10,00c00| So rad, == 90 oof 
. 10,13033| To dift. . 1 


The loop has failed 8. 5 28' E. or SE, + E. 
nes 2 — 


days after meets a flood 


that had 


320 m. and per- 


o. ogyoi 
2,3548 
10,00000 


— — 


2.73049 


— ͤ Wh 


_ Qpzor; 


—— 
<7 _— y 

hu > — wh - 
* — A « — i 


L 
Pale wn _ 
2 

py — 


—— : g 3 , 
4 . £ _ p _— —5 
* Ks - N 3 = Ta 
I. av _— Ys S 2 , Fl iy 0 i . 5 "> — — u— — 2 — 
S 2 < - £ + Fs — EC pg” 2 — 5 4 — ＋ — ; l 4 A = 2 TN —__—— : — 5 wn — — 2 = = = 
* 4 ＋ — N k : +, . — OE" _ - 1 * me Sg * 
» "as Togo root hed EF | - —— 2 _ w_ 4 — : 24" 2. _—_ 1 s . - = 
— * * > 2 ' . N \ Dy — 4 mo — P * 2 K > 4 4 
2 -< — 4 1 — — . — 5 1 — — = hp 1 
<a. - "FF > * . Py «a —— >> RR <p 5 * _ — 8 
= — * , * $4 „ - % L * 5 8 8 Af - „ — — 5 
vg - : 5 — > ” -> * 2 2 
2 . _ 0 — * . „ * . — —— 4 X 
< 4 


the ſhip departed from, and kept on a weſt courſe 8 miles an hour : 


hour, makes 540 miles for the ſhip's run. . we 
And 2 days is 48 hours, which, at 8 knots an hour, i: / 
makes 384 miles for the ſloop's run, and is equal : *\, 
to the weſting, or departure of the ſhip. : CO 
_ ConsTr. Having deſcribed the quadrant Am py ; i 
make Aab=384; from A, with 540, cut bs pa- B 5 
rallel to AD, in 3; draw Az, and 8p parallel to a p. 
 ComevuTaATION. 
As diſt. = 540m. 7,26761 | As rad. = 9 O 10,00008 
To rad. = 900 os 10, ocooo | To diſt. = 540 m. 2,73239 


| So depart. = 384m. 2.58433 |Socol.co. = 45% 20 9,346 


And (38® 25 620 g) 4 4508. 2 | Preſent latitude. is 44 45 8. 


not increaſed their latitude fo much by 24 leagues as by their account: Re. 
quired the true courſe and diſtance the brig has made? 


Qvesr. VII. A ſhip from a port in latitude 38” 25/ F. fails bet 

F. and M. at the rate 2 knots an hour ; three days 2 2 
who two days before had ſailed from a port under the fame meridian 22 
Requirg 


the ſhip's direct courſe 2 preſent latitude ? 
Now 3 days is 72 hours, which, at 75 knots an 


* 


- —ůͤ3s—k5—çi• ́ — 


To fine co. = 45 20 9,85 194 To diff. lat. 379,6 257933 


6, o) 38,0(6® 200 : Courſe S. 45® 20 W. or SW. 


QuesT. VIII. A brig from a port in latitude 28 38 N. ſails due N. 
at the rate of 8% knots an hour; after three days ſhe meets @ ſhip who had 
run due W. 342 miles from a port 30 leagues to the eaſtivard of the meri- 
dian that the brig's crew thought themſelves under; wha alſs found, they had 


Now 84 knots an hour for 3 days, is 612 miles for 
the brig's apparent. northing ; from which taking 'B 
24 leagues, or 72 m. her error in account, there 
remain 540 miles for her true diff, lat. - 
And as the ſhip's departed meridian is 30 leagues, or o 
miles to the eaſtward of the brig's; theſe go m. \| 
being taken from 342, leave 252 m. for the weſt- 6 1 
ing from the brig's meridian, EE as 
So that the bel waving made 540 m. northing, and 252 m. weſting i 
her courſe and diſtance, found by the 6th caſe (33), will be 


Courſe N. 25 0 W. or NNW. ZW. nearly. 

Diſtance 505,9 miles. n Wn eat ile 5 

It may be proper to obſerve, that when radius is one of the three terms 
iven, and not the firſt ; then the log. of the firſt term being ſubtracted 
om the log. of the other term (radius excluded), leave the log. of the 
4th term; by which means the Uouble of taking the arith. comp. of the 
_ iſt term is avoided, Gries omen — 


 $ECTION 


nook VII. PLANE SAILING —(e mn 


SECTION T7, 
Of Compound Courſes. 


A Courouxp Covunss is an irregular track which a ſhip makes 
in a known time, by ſailing on ſeveral different courſes: Or where two 
or more caſes of Plane Sailing are concerned. | 


A TRAVERSE is a compound courſe, wherei 
ceffive courſes and diſtances are known. 


-- 4a» 


n ſevera rer differe nt ſuc- 


35. = To work 4 TRAVERSE, 
Or, to reduce a compound courſe to a ſingle one. 


iſt, Make a table of fix columns, title them Courſe, Diſtance, N. 8. E. 
W. Begin at the left fide, and write the givefl courſes and diſtances in 
| their reſpective columns. - + 


2d. Seck in the traverſe table the 22 and diſtances, and let 
the correſponding differences of latitude and departures be written in their 
proper columns in the table made for the queſtion. 


| 2d. Add up the columns of northing, ſouthing, eaſting, and weſting; 
then the difference between the ſums of the northing and ſouthing will be 
the whole difference of latitude, of the ſame name with the greater : and 
the difference between the ſums of the eaſting and weſting will be the 
whole departure, of the fame name with the greater alſo, 57 


- 4th. The whole diff. of lat. and departure to the compound courſe be- 


ing found, the direct courſe and diſtance will be found as in Caſe VI. of 
ſingle courſes, | 15 N 1 


37. To consTRUCT A TRAVERSE. 


1ſt, Deſeribe a circle with the chord of 60 degrees, and divide it into 
4 quadrants ; marking the north point with N. e 188 


2d. Lay off each courſe on the circumference, reckoned from its proper 
meridian ; and from the center to each point draw fo many blank radii ; 
mark theſe with the proper number of the courſe, 5 


3d. On the firſt radius, lay the firſt diſtance, mark its extremity : 
— this extremity, and parallel to the Gone) radius, draw the — I 
Ko. ce of its proper length; through the extremity of the ſecond diſ- 
er and parallel to the third radius, draw the third diſtance of its pro- 
per length: and thus proceed until all the diſtances are drawn, 


C3 


4. A 
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4th. A line drawn from the extremity of the laſt diſtance, to the center 
of the circle, will repreſent the diſtance made good ; and a line gray 

from the ſame point, perpendicular to the meridian (lengthened if — 
ſary) will repreſent the departure. | : 


38. When a ſhip is bound from a given place to a known port; and 
on ſome occaſion is obliged to run on one or more different =Ourſes, 
not in the direct one to the port; and then wants to find the dired 

courſe and diſtance ſhe muſt run to gain her port, obſerve the fal. 
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| lowing precepts. 


xt, Find the diff. lat. and dep. between the ſhip's firſt place and the 
port bound to, EN bs 5 

2d. Find the diff. lat. and dep. between the ſhip's firſt place and the 
place ſhe is to come to. 3 „„ 2 

3d. If theſe differences of latitude are both of the ſame name, take 
— difference for a new diff. lat.: But if of contrary names, take their 
ſum, : 
4th, If the departures are both of the ſame name, take their difference 
for a new departure : But take their ſum, if of contrary names. 
Sth. To this new difference of latitude and departure, find the courſe 
and diſtance (33). | 1 
Sth. If between the place failed from, and the place come to, there has 
been more than one courſe: To each courſe let the diff. lat. and depar- 
ture be found; and let their ſum or difference be taken according as they 
ate, of the ſame, or of contrary names; and this will give the diff. lat. 
and departure between the place failed from, and the place come to: 
Then proceed by the 3d, 4th, and 5th precepts. 


3% To consrRucT A Comeounr Counse, 
See any of the figures after Dueftion VII. 
1ſ, Deſcribe-a circle, in which draw the meridian and parallel of the 


place ſailed from. | 5 WG: c 

2d. Conſtruct the triangle between the place failed from, marked a. 
and the place bound to, marked B; and let the interſection of the diff, 
lat. and departure be marked -. 3 
za. Conſtruct the figure between the place ſailed from, or a, and the 
place come to, marked c; and let the imterſpgFion of this diff, lat. and 
departure be marked _ * 5 : 

4th, Through c draw CF parallel to An, meeting BD, continued, if 
neceſlary, in r; and draw CB. 5 
 . 5th. Then in the triangle CB, the lines or, rn, en, will repreſent the 
diff. lat. departure, and diſtance between the place come toy and the place 
bound to. 5 1 
_ 6th. From the center A draw a line parallel to cn, in the direction 


from © to B, and this ſhews the courſe wanted, 


TY N. 


TRA VERSE TABLE. 


The traverſe table being com- | 
_ pleted; the ſum of the ſouthings is 


149,2 miles, and ſo far the ſhip has 
got to the ſouthward, or altered her 


latitude, 
The lat. from 24 32'N. 


Diff. — 2 298. 


Present the: 22 oz N. titude which the ſhip departed from: 
1 — On the circumference are laid the 


The miles of departure in the 
eaſt column are 96,1 ; and thoſe in 
the weſt column are alſo g6,1 : But 
as the eaſt and weſt departures are 
directly oppoſite, they deſtroy one 
another, and the ſhip in her pre- 
ſent ſtation has made no departure; 
therefore ſhe is under the ſame me- 
_ Tidian which.ſhe failed from: Con- 
kequently her courſe made good is 
directly ſouth; and her diftance is 


— 


In this figure the circle, which is 
deſcribed with the chord of 60%, re- 
preſents the horizon, the center of 
which is the place the ſhip ſailed 
from; through that place are dran 


ſeveral courſes, and numbered 1, 2. 


3 4» 5. On the firſt rhumb a nr, 
is laid the firſt diſtance aa = 45; 
through a, and parallel to the rhumb 
4 2, is drawn the ſecond diſtance 


ab 50; through 5, and parallel to 
the rhumb A 3, is drawn the third diſ- 
tance he zo; through c, and paral- 
lel to the rhumb A 4, is drawn the 
fourth diſtance c dg 60; through 4, 
and parallel to the rhumb 4 5, is 


the ſame as the difference of lati- 
tude, which is 149,2. 9 


Ms - ure 


two diameters, at right angles to one 
another; the one repreſenting the 
meridian, the other the parallel of la- 


Courſes. EEK. B 1 g 
Sw. b. W. 137.4 | | 4 1 f 
| ESE. 46,2 1 | 3 f 
| SW. 21,2 IS 
| SW. b. S. Tw. 63 6 375] 

36,196.10 


1 
* 2 — 
che. RS 
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40. Examples to exerciſe Traverſe Sailing. mY 
QuesTIon I. 4 Hip ſails from a place in latitude 24 32 NM. and has F . 

llowing courſes and diſtances, vix. 1 1 

"i __ b. W. 2 45 m. 2d ESE. diſt 50 m. 34. SW. diſt. 30 m. | 14 

db. SE. b. E. diſt. 60 m. Sth. 8 W. b. S. W. dilt. 63 m. | 1 ; 

. Required her preſent latitude, with the direct courſe and diſtance between | it In 

the place ſailed from, and the place come to FE, | i | b | 

. : | : | | 1 " 
Conſtruct the traverſe table by art. 36, and the figure by art. 37. Lit 
OOO EY | | ——. 1 ink 
| ; : | 4 
1089 


<< ä — Hs < 2 
* 2 1 - 
— N 
* 
3" \ a . 
—_— = OY 
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yon It. 4 ſhip from the latitude 28* 32/ N. has run the fili 
courje | 7 


„ Vix. 


iſt. NW. b. N. dift, 20 m. 2d. SW.diſt. 40 m. 3d. NE. b. E. dif. 601, 
4th. SE. diſt. 55m. 5th. W. b. S. diſt. 41 m. 6th. EN E. dik. Eb m. 


| Required her preſent latitude, with the direct courſe and diſtance betw,, 
the place ſailed from and the place come to? . 


<4 


: TRAvERSE T ABLE. 


Conſtruct the traverſe table by art. 36, and the figure by art. 37, 


Courſes. D. N.] S.| E. W. 


ire 
38,9 PF 


61,0 


149.8 79,6 


— — — 


| | | [rabet 


„*— 


. The traverſe table being filled up,, 8 
the ſum of the northings and ſouth- Here A is the place failed from; 
ings are both 75,2 miles; which, be- |and c is the place the ſhip is come 
ing of contrary directions, ſhew that | to, by failing along the lines a a, a b. 
the ſhip has returned to the ſame ö e, c d, de, ec. \ 
parallel of latitude which ſhe failed | The diſtance ſhe is got from A, is 
from. _ ___  Jrepreſented by A c; which alſo ex- 
The ſum of the eaſtings is 140,8, es the rhumb between A and c. 

and that of the weſtings is 79,6; 
their difference 70, 2 ſhews that the | 
ſhip has gained fo much to the eaſt- | | 

ward, that being greateft. I 
Conſ-quently the courſe made good is due eaſt. 
And the diſtance is 70,2 miles, e 
Although the figures in both the traverſe tables, at the end of this book, 
contain two decimal places, beſides the whole numbers, yet only one de- 

cinal place is uſed in theſe traverſe queſtions, and that place is increaſed 
by 1, if che place omitted exeeeded 5: Thus, the courſe SW. diſt. 40, 
gives 28,28 ; for which i, is ſet down 28, 3; becauſe 28,28 is nearer to 
25,30 than to 28,20: And ſo of others, 1 | 


— 


| QyEsT- 


wok Vl. PLANE SAILING. og 


Ques7: III. Since yeſterday noon we have run the follmuing courſes 

if, SW. b. S. 20m. 2d. W. 16m. 3d. NW. b. W. 28m. 
4h. SSE. 32 m. Sth. ENE. 24 m. 6th. SW. 356 m. 
What diff. lat. and departure bas the ſhip made, and what is ber direct 

gurſe and diſtance ? 


Trxaverse TaBLe, | 


| 
Courſes. v N. 8. | E. W. 
SW. b. S. 20 [166] [ma 
I. 16 | | 16,0| 
NW. b. W. 28 15,6 | | a 23,3 


88 E. 32] | 29-0| 12,3 
ENE. 4 5 =P 
SW. 36 " 25,5 25.5] 


— 1 


1 270 71,7] 25,2 z — 
7 


121.0 — 25, 
WE D. lat. 50,7\Dep. 50, 0 
As the diff. lat. and dep. are equal, the courfe is 8. 4% W. or SW. 
And, as ſ. C A:CE::f. CE: AC. Or ſ. 45 00/7: 50, 7m. :: . go* oof : 71,7m. 
Quzsr. IV. Two ſhips, A and B, part company in lat. 31* 31 N. and 
meet together again at the end of two days, having run as follows : 
A. it. NNE. 96m. 2d. WSW. g6m. 3d. ESE. 96m. 4th. NNW. g6m. 
B. iſt. NNW. 96m. 2d. ESE. gm. 3d. WSW. g6m. 4th. NNE. g6m, 
Required the lat. arrived in, with the direct courſe and diſt. of each ſhip ? 
| As the courſes fteered by both ſhips are equally diſtant from the meri- 
dian; therefore one traverſe will ſerve for both. 


— 


 Trxaverse TABLE. | 


s. E. W. 
MF 36,7 88,7 
8.7 oy 1 36,7 

734125125. 


D lr 2 | 7 
There bei departure, and the diff. lat, being N. i 
Therefore Ge cone made good is N. and the diſtance is 104 miles. 

Tie lat, arrived in is 37 15 N. Quesr. 


26 


As the ſums of the North 
and the Eaſt and Weſt de 


turned to the place ſhe 


! 
' 
f 
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iſt. SE. b. 8. 29 m. 2d. NNE. 10 m. zd. ESE. : 
ah. ENE. 0 m. sth. SSE. 10 m. Gth. NE. b. N den 
7th. Weſt 25m. Sch. 88 E. 10m. gth. WSW. z w 95 
roth. North 110 m. IfIth. E. 4 N. 62 m. 12th. North, * #2 
13th. Weſt 62 m. 14th. North 10 m. 15th. Weſt . 
roth. South 10 m. 17th. Weſt 62 m. 18th. South * 
19th. E A S8. 62 m. 20th. South 110 m. 21ſt. WN W. 2 w 7 m. 
22d. NNE. tro m. 23d. Weſt 25 m. 70" "oO 
Required the ſhip's place, with the diref courſe and diſtance ? 
| e | 
| TRAVEASE TABLE. 
| D.| N. S E. | W. [ 
29 ; 24,1 ] 16,1 | 
10 9 | | 3,8 1 
= 19,1 46,2 1 
50, 19,1] | 46, 2 3 | 
10 9.2 23,6 ö . 1 
29] 24,1] [16,1 | ON Oy 
"3 > | | | 25,0 — — —— 
10 93. | PEE 
42 — 12,2 ; * | 
110 110,0 | 8 [| 
62, 9,1 61, , Hp | 
11 7,0 | =” * 
| 62 129 7 > 41 
10 10, 
[i | 
10 
62 
7 
62 
110 
42 12,2 4052 
10; 9,2 | 
250 | 3 25.0 | 
[209,9 209,9]1262,4 262,4 


and South difference of latitudes are equal, 
. *epartures are equal; therefore the ſhip is te- 
failed from, | 


Qu EST: 
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Outer. VI. The laſt 24 hours we have run the following cour ſes, Viz. 
_ NW. b. W. 30 m. Sth. SSE. 36 m. th. SE. b. E. 38 m. 
Required the diff. latitude, — direct 6 and macs 
— [ 
TRAVERSE TaBLE. | 
Ge. Po K | 8. | x. |. | $ 
40 | 28,3] 28,3 | 7 
1 28] 19,8 | 19,8 "MN 
SW b. W. 52 | | 28, | a 
NW b W. 30 16, Mi 
SSE 36 - 33-3] 13, = 
SE d E. 58 | 1 48,2 17 
358 | | | 355 0 122,7 | 110, 11 6 1 
4 | 36 5 68.7 | MW) ? 
| D. lat. 86,2 3 | #1 f 
| A 
Fr * —_ As 86,2m. : dam. :rad.: 25 85. Or SSE. LE nearly. Mer 
For the diſtance. As ſ. 25" 59: 42 m.:: rad. : 95,87 m. 444 
Quesr. VII. Yefterday noon we were in lat. 3 18“ S. and ſince then ue 1 55 
' have plied on the following courſes, vix. 1 
tit. NNE. 22 m. 2d. N. b. W. 30 m. 2d. NE. b. E. 40 m. "805-7 of 
4th. ESE. 25m. th. SSW. 18 m. 6th. NW. b. N.: W. 50 m. 1157. 
oth. NE. E. 42 m. Sth. W. b. S. W. 45 m gth. SW. b. S. 20m. 3 
10th. E. b. N. 4 E. 62 m. Required our ne lat. and —_— 1 
with the courſe and di flance — good | 1 
Bo. Trxaverss TABLE. 11 
Courſes D. 144 
—— ITY 
NNE ; 22 Wa 
N. b. W. | 30 0 0 5 
NE. b. E. 40 1 
ESE, 25 | 5 4 
NW. b. N. WW. 50 ii 
NE. 2 E. 42 3-434 
a0 b. S. 4 W. 48 $3 4 
SW. b. 8 20 


8 146,2 4772 158,6 
| = | | 9. ——— 100,2 


| 99,0 D. lat. 58.4 ITY 
For the courſe. As m. 58,4 m. :: rad. t. 30 32/. Or NNE. 1 E. 
— ha 72 2 
"ul 1 r. 30 $; the preſent Jatitude, 

Quzsr, 
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Quxsr. VIII. Yefterday noon tue were in lat. 33 15 N. and * 
a port in lat. 28* 35” M lying 196 miles to the weſt ; and this day 
we were in lat. 30* 200 NM. having made 168 miles of we A" 
the direct courſe and diſtance to our intended port? 
Lat. from 33 15 N. | Lat. from 330 15% N. 
Lat. to 28 35 N. at. in 30 20 N. om mr 


R d 0 
Q mm 
Re Juirei 


Diff. lat. 4 a Diff. lat. 1 2 86 2175 
The figure is conſtructed by art. 39. 1 
Thus. In the meridian bs AD=280, AE 

175; in DB, EC, drawn parallel to the — of 

lat. Ap, take BD g= 196, Ec=168; draw AB, Ac, / 
CB; and draw CF parallel to an, and ac parallel = my 
to CB. . 

Then A is the place failed from; c the place come to; B the place 
bound to; c8 the diſtance the ſhip has to fail ; and the arc mc meaſures 
the angle of the courſe ſhe muſt fail on. 


I ͤ — 


From ad * I us = 196 
Take at = 74 Take cg) = 68 

Leaves zp=er = 105 Leaves BF => 

In the triangle crx. 
To find the courſe. $ To find the diſtance 

As er, diff. lat. =105 7.97881 As fin. co. = 14? 560 0, 58889 
To By, dep. = 23 1,44715}Tode == 20.0. 4456 
So rad, == 90® oc 10,00000 | So = 90 00 10,00000 
Tot. 4 BCF,t.co.=14 $6 9,42596 To diſt, = 108,6 2,560; 


Anſwer: Courſe is 8. 14 56 W. or 8. b. W. I W. Diſt. 108, 6 miles. 


Queer. IX. A hip from latitude 14® 25 N. and bound to a port in la- 
titude 5* 18” N. lying 476 miles to the eaſtward, finds ſhe has made 400 
miles of ſeut hing, and 150 of eaſting : Required the courſe and — e 
has to ſail, to reach her intended port? 

_ "The figure is r Foe 
Lat. from 14% 25 NM. : A 
Lat. to 5 — 

Diff. iat. 9 7=547 miles, 

AD | = 547| DB 

AE = 400 nerd? 


ö = * 


Then er: es 2 2 fad.: t. £ BCP. - Or 147 : 

And ſ. cn: FB : : rad. : C. Or . 6;0 

Anſwer, Courſe is S. 65 K E.; or SE. b. 
ad * 


ok Vl. PLANE SAILING. 25 


Four days ago we were in lat. 4* 30 S. long. 83 1600 E. of 
D T7 in lat. o 35 N. having made 200 miles of weſting - 


Keel our | preſent come and _ to Achen in the Ifand of Sumatra ? 


fig · is conſtrued by a art. 39. 


g- * 
Lat. from 4* 39 
Lat. to 5 15 N. | 


—— 


Di, at. 9 64894 miles. 


Lat. from 4 39 8. 
Lat. in O 35 N. 


Diff. lat. 5 142314 miles. Diff. long. 12 _ 398759 mille; 
nm. = 7599 

an „ 25 = 200 = ct | ba 
BD 2 mm — = er. | FB = 959 


In the triangle CFB, to find the courſe and diſtance. | 
As CF: FB :: rad. : t. rc. Or 280: 959 :: 1 45 007 : & 73 42. 


As ſ. LFCB: FB; : rad.: cn. Or ſ. 7343: 959: : . 80 oo 999 
The courſe is N. 73 „4 E. or ENE. 2 E. | 


Anſwer r} The diſtance is 999 miles. 


Qussr. XI. A ſhip from the lat. 10* 38/ NM. and bound to a | port lying 
282 miles to the S. W. b. S. after three ſucceſſrve days of bad weather, ads 
berſelf in lat. 3 58/ N. and 120 miles to the 33 Reguired her pre- 
ſent caurſe yo” — to her intended => ? ; 


The — is conſtructed by art. 39. 
In the triangles ABD, find As: and BD. 


= rad. : AB 22. iy: 1 
r rad. : 282 : : f. 3681 234,5. 8 
And rad.: AB: : f. BAD: BD. 

Or rad. : 282 3: . 335 45: 156,6. . 


Lat. from 100 35 N. as - =00 |. By 2 = 156,6 
Lat. in 3 $8 N. AD 32345| EC= av == 120 
Diff. lat. 6 6 402400 m. DES =er=165,5 | BY = 2766 


Tn the wiangle b 
hace: FR: : rad. : b. LO. Or 165,5: 276,6 : : rad. : t. 59* &, 


As ſ. LFCB: B:: rad: Or ſ. 59*& : 276,6: : rad. : 322,4 
ef Dinan is N. 30 % W. Or NW. d. W. W. 
„ — 


Qyter. 


„ 
144 | 


— 
— 1 Ep 


"* my 
mY _ - 
— — — 


«> 


— —— — — - = — _ 
— — . = 
4 = —_—_—__— 2 22 = — 
4 — Co 4 \ >; ray ct hg — * — _ = 
N. — bo — > oy _— = — 2 — al =_ =_ l = 
© — _— — = _ 25 - py * 
— — = - — — — — — 
- "- mm . b a 7 © = = 
- = WP: * — 
— — 3 
» - == 


: 7 
- . ww De - — 7 
of — — 

— * 
2 — 
* 


+ + - 
by Xx > 
— 


7 


- BE py 


—— 1 2 3 5 
5 5 _— 
— * 
* q 22 . 
, Las . 
——— a . 
- 3 — — —— 
— 5 4” Las. 4 * 
— — 1 
— —— ©. 0 . 
: 2 
— $ \ oy 
2 1 2 . 
* 
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Quesr. XII. A pip in the lat. 17” 10 N. is bound to 4 
of 17” 100 N. the SR hn n . 
Iſt. SW. b. W. 27 m. 2d. WSW. Z W. 30 e 

33 h 


Ath. W. b. N. 18 m. Sch. SSE. SSE. 2 E. 
7th. 8. b. E. 25 m. Sth. South. — m. ꝙth. 88E. : 3 
_— her * latit. and the direct courſe and diſtance to thy 72 


OA mann, yo 39- Departed lat. 17 100 N. 
—,. Lat. bound to 13 10 N. 


| TaxAvaRsE TABLE. Diff. lat. 4 00=24om, 
ee 7h + ENS Forts | - — 
Courtes. Df N. | 8. | B. w. . 
SW. b. W 270 15.0 22,4 
WS. W. z | 8,7 48,7 
W. b. 8. 2] 4.9 24,5 
W. b. N. | 3,6 | 17.7 
SE. 32 29,6 | 
SE. 4E. [27] | 23-1139} | 
S. b. E. 25 24 1 
South. 31 31 N | 
SSE. 3 36 3 
| | 3-6/172,8145-9193-3 
| = 3,0|—14529 
| | | D. lat. 169, 2 . 


Now 17* 100 N. Dep. > | And av==240,0 | Alſo Bv=180,0 
_ 2 49 8. Diff. lat. | a8=169,2 | erg 47,4=i0 


— . , —— — — — * 


E 21 N. Preſ. lat. | cx#=zp= 70,8 3 BF==132,0 


oe 


In the NT CFB; | 
To find the courſe. nd Lg : rad. : t. C. ren. 
Or, 7 132,6: : rad, : t. 61 54 
To find the diflance. res FB: 1 , 3 
— C 61* 54/ : : 1326 1 50, 3. 
The preſent latitude is 14 4 poo N. 


wee is S. 61 54 W. w. d W EW. 
Diſtance is 1 50, 3 miles 


60 

| n is the place ſhe is bound to. 
c is the place come to by the traverſe. 8 

And £3 dr Sd ten wee 


3 


— 
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Ops. XIII. 7. erday at noon we were in latitude o 15 S. and bound 


| bearing 4 E. 5 c 


m. NE. b. E. 28 m. E. b. Dok gw NNE. 41 u. 
n. 2 m. NE. b. N. 39m. WSW. 


, the ſhip? s Place, with the direct any and — to the in- 


tended portꝰ 
The diff. lat. AD r 150 m. 


8333 


In the triangle ADB, the departure 
ps will be found to be 123m. 
In the traverſe, the diff. lat. AB 
82,6; and the departure EC=7555 
iles. | 
m— the triangle CPB, where CF — 
267743 FB 47,5 the courſe is —— 
N. 35 1% E. or NE. b. N. 4 E.; { | "2 
and the diſtance is 82,51 miles. 8 4 5 
i 8 1 


14 N. is bound to @ port 


QuesT. XIV. A 2 > fem the htm 
.BÞ SM. b. S. 4 


| fullowing courſes, VIZ. 


SSW. 22m. S. b. E. 1 38 m. NNE. gom- WSW. $5 =. 
NNW. 45 m. 8. b. W. 4 W. 30 m. 


Required the r s place, with the direct courſe and dflance to the —_ 


port 
In the — ADB, the diff. lat. „ 

aD will be found to be 168,2 miles. SE 
In the traverſe, the diff. lat. at „„ 


=57 m. and the departure CR 8 
70,3 m. ow 

In the triangle cs, where cr = 
1152; FB=67, 


The 0 W. | 
SW. * is 8. 31 20” or 


The d 
= . 1 130 * x 4N. | 


0 — 2 * 2 nns gn nun nner 


2 Laune 2 


- - 4 ü- c__— - * . - 
* s ad | 
— —— — — ——— — 41 — — a = — 
_ a 
7 ; — 


. 
— —— -— — — < * 2 — — — — * = ws 
— r — > - 
— ——— * * r ” Ta 1 4 - -— — — _ — 8 
3 _  — : 288 a * : 
R — * 4 . PT os - — * * — 14 - - = 
L a * gy e 22 — LES - — 1 — — — 4 Fa =_ w = = = 
" = HT, . \ P = 4 - — _— — — — — —— PT _—_—_—_— — + _-vg 
tan. * 2 IF. <o- pw 4 — 0 , #4 _ — 3 — : I 2 2 = --  - — r 
1 . \ ©. a+ Sf - —— — 4 \ * . d — 2 
33 F — "23 - 7 . — — * - a x . * a _ t >. 
1 — by 1 > — —— _ — £ _ C y 9 . - - . 
4. — 7 8— _ « - 4 — 2 .9— = my __ "= I wg —- * * = 
2 * 5 -* \ G by = — 2 — 
bob? 4.2 —- 4 aa 
_— = - :- = s & 
1 — 5 > 2 * — | \ = \ l 
« wh — — > —_— i 1 : 1 — »S- 
- — — — — — 
_ r 


- = - — 2 - ws 
* I: — 
r 
* a 8 — Mo gs GST, 
4 * - * 
** 2 WER _ . 4 2 &* 
Ke TE N 
oaths Faro . 
- „ W 7 "w 
ä — if A f 
4 — 
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1* 100 M diſtance 220 miles in the NW. quarter 3 
trary winds, runs the following courſes, VIZ, 


Required the ſhip's place, and the courſe and diſtance to ber pert? 


DAB will be found=53? 47/; and the — 2 
departure DB=177,5 miles. : 


lat. AB 285,9. 


In the triangle ces. = 3:4 
Where cF={AE—aD=) 155,96 —ͤ — — 0 


the 8. eaſtward, diftant 420 miles, and 180 to the eaſtward; and "oy 
plied on the following courſes, vi 2. 


The ME be. cane 
The depart. — 


The diſtance cB=87,18 miles, 


in the lat. 1* OO &. l 
and with * 


QutsT. XV. 4 hip 


NE. b. N. 63m NW. i W. 85 m. North 96 m. NW. 97 h, 


In the triangle aps, the courſe 


In the traverſe, the. difference of 


The depart. Bc =6 153. 


BF =( DB—CE =). 116,2. B 
The courſe FcB= 36 42% 
The diſt, cB=194,4- 
The pref. lat. 3 46/ N. 
Anſwer Lk courſe SW. Þ 8. ZW. 
a Diſtance 194:4 m. 


QvesrT. XVL 4 ſhip i in the lat. 1 367 NM. is bound to 4 i hing * 


SE. b. E. 59m. S8 E. = E. 84 m. 8. 2 W. 92 m. WW. 43m. 


W. b. N. 25 m. 3 ESE. 89 m. E. b. N. 1 
ESE. & E. 95 m. 


Defires to know her place, and the diref _ and diflance to her port? 


In the triangle aps. 

The courſe is S. 25 27 E. 
The diff. lat. An 37, 5 
In the traverſe Arc. 


The preſ. lat. is 4 48/ 8. 

In the triangle cy. 

The diff. lat. cy 55, 3. 
Departure B65. 
Courſe is 8. 50 38/ W. 
Or SW. W. 


usr. XVII. A ſhip from the latitude of 4* 10 NM. being to make an 
Hand that bears NE. b. N. diftant 196 miles, and having run theſe N 
iz. NE. I E. 75 m. ESE. f E. 42 m. NNE. E. 52 m. N. b. W. 

4 m. ENE. 4 E. 40 m. It is dgſired to know her preſent latitude, with 
| direct courſe and diſtance to the Iſland? | 


In the triangle ADB, 

The diff. lat. 20 = 163. 

The depart. BD 108, 9. 

In the traverſe AEC. | 

The diff. lat. AE=128, 

The depart, EC=160, _ 

And the preſent lat. 6* 18'N. 
Ia the triangle CB. 

The diff. lat CF = 35. 

The depart. FBZ 51, f. 

The courſe is N 55 360 W. 

Or NW. b. W. nearly. | 7 

The diſtance cB=61,93 miles. 9 


* 
TY PILLS 


 Quesr. XVIII. Two ſhips take their departure from the Lizard in la- 
titude 49* 57 N.; one bound ta St. Michael's which lies 715 m. to the S. 
and 745 m. to the weſt ; the other bound to Liſbon, hing 661 m. to the S. 
and 215 m. to the weſt, reckoning from the Lizard; they ſail in company 
SIV. + W. bio miles, and then part: What is the dirett courſe and diſtance 


; 


of each ſhip to her port? 


In the triangle apc. 3 
The diff. lat. AD g 387 m. ond A 
| The depart. DC=471,5 ma | T I 
— the triangle cor. 1 
he courſe is 8. 43% 07/7 E. 1 

Jr Sk. b. S. f E. nearly. pe „ 
I be diſtance CL=375,3. m. — 

In the triangle u. / | 

The courſe is S. 39% 40 W. 5 

Or SW. b. 8. 2 W. nearly. . FJ © | | = 

The diſtance CMu=427,1m M MH PF . 

D 
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| Quesr. XIX. A ſhip in lat, 43 20 N. long. 15* 107 WW. 5; bound | 
Se. MichaeP's, bearing 8. 46* 16 W. in the lat. 374 N; and fry, 
thence ſbe is bound to Madeira, in lat. 32* 25 M. and diſtant { om St. Ai. 
chaePs 514 m. in the SE. quarter : Required the diflance to It. Michael; 
the courſe from thence to Madeira, together with the courſe and diſtance from 
Madeira to the Iſland I Palma, in lat. 28 36 N. long. 18* o JF, 


In the triangle anc. 5 
The diſtance to St. Michael's, Ac 484, 6 m. 
The departure gc 350, i m. 

In the triangle cxv. 2 
The courſe from St. Michael's to Madeira is © 
S. 51* 30“ E. or SE. I E. nearly. Fi | 

The depart.,£D=402,3 m. 

In the triangle DFG. . 

The courſe from Madeira to Palma is 8. 44 E 
o W. or SW. nearly. 5 | 

The diſtance DG = 318,9 m. 


QuesrT. XX. Departing from St. 1 4 one of the Azores, and bound 
to the river Sierra Leon, after running SE. 36 hours, at 7 knots an hour, 
my ſea compaſs was ſpoiled by a flaſh of lightning; then after 8 days direct 
run between the S. and I. I met a ſhip in lat. 20* o N. long. 36* 100 V. 
and bound to Mayo, one of the Cape Verd Iſles, to which ¶ ſailed in her com- 

ny: Required my courſe and diſtance in the 8 days run; alſo the ſame, 
while I ſailed in company; and the ſame, from Mayo to Sierra Leon. 


In the triangle ac. 
The diff. lat. =depart. or A3 
BC=178,2 m. 3 
In the triangle cFp. 
The courſe was S. 47 13/W. or 
SW. b. 8. Z W. nearly. | 
The diſtance cD=1195 m. 
In the triangle O1. 
The courſe to Mayo at 1, was 
8. 69 56' E. or ES E. J E. nearly. 
The diftance di=836,8 m. 
In the triangle 11 1x. 1 5 
The courſe to Sierra Leon at mw 
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FTF 
41. Of oblique Sailing. 


In the preceding ſections the bearing and diſtances of places were de- 
termined by the ſolution of right-angled triangles ; but at fea there being 
many caſes in which only oblique pofitions can be obſerved, therefore it 
is neceſſary to ſhew how ſuch caſes are to be folved ; which will be am- 
ply illuſtrated in this, and ſome of the following ſections. 2 

To ſet an object is to obſerve what rhumb or point of the nautical 
compals is directed to it. 1 5 

The bearing of an object is the rhumb on which it is ſeen; and the 
bearing of one place from another, is reckoned by the name of che rhumb 
paſſing through thoſe two places. = * 

In every figure relating to any caſe of plane ſailing the bearing of a line, 
not running from the center of the cirele or horizon, is found by drawing 
a line — thereto, from the center, and toward the ſame quarter. 

Taue figures belonging to the queſtions in this ſection are in Plate VIIT- 
at the end, in which the figures are referred to by the number of the 
queſtion. g | 


* * | 


| Quesr. I. Two ſhips, A and B, ſail from two Iflands bearing the one 
* the other NE. — SIW. thiir diſtance being 76 miles; A ſails S. b, E. 
and B runs E. b. S. at laſt they meet : How far has each ſailed? 


ConsTrucTIon. With the chord of 60ꝰ deſctibe a circle repreſenting 
the horizon of one of the places failed from, ſuppoſe of a, the northern; 
draw the meridian Ns, and at right angles to it draw the parallel of la- 
titude EMW. | Þ 
In this circle, lay off the 8. rhumb s 0, the S. 5. E. rhumb s p, and 
the E. ö. 22 AB equal to 76 miles. OE 

Through B draw BC parallel to A n, meeting A c drawn through 9p. 
Then 4 and B repreſent the places failed from; ac and nc the dittances, 
angles s A c and s A m the courſes which the ſhips had failed when 

ey met at Cc, . | e 

Ia AC and BC may be meaſured on the ſcale which as was 
taken from. OE . 
Coururariox. In the triangle anc there is given one fide An, and 
all the angles, to find the other ſides. 3 

Thus, Za=5 pts.=56® 15. For s and s p make 5 pts. meaſ. C. A. 

4 B=5 pts. 56 15. For BC is paral. am; and £B=Z Ban 

2 5 a (II. 25) Sets. 
.  4C=bpts.=67 30. For nc is paral. A m; * 
1 „ en (l. 95)=6p6s. 
Therefore the ſolution belongs to Problem I. Book III. 45. : 


And ſ. Ce: AB:: ſ. L a: Bc. Or, As ſ. 67 300: 76m. :: ſ. 56 5:68, 4m. 
Now as n= EA: Therefore Ac is equal to 8c, (II. 104) 
Auswrn. ſ A fails S. b. E. 68,4 miles. 
—_ B fails E. b. S. 68,4 miles. 


D a a nsr 


* — — — — ⏑———— , — — —— 


- arflance from the cajile at each time of ſetting. 


. =54m. and theLA=78'.45=7pts. for NW. b. W. +2 pts. for NNE. 
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QuesTION IT. Coafting along ſhare, a headland bore NE. b. NM; th 
having run E. by N. 15,miles, the headland bore WNIW. : Required ty, g: 
tance from the alan at each time of ſetting. 


The conſtruction and computation of this queſtion is made as in Queſt 
1.; © being the headland, and As the ſhip's run. 


5 5 8 8,496 m. at firſt ſetting. 
n the diſtance is 2 10,81 m. at ſecond. 


— * . i , —_— ä hat 


— »„— — 


— 


QUESTION III. I. doubling a cape, I obſerved a caſtle up a river bis 


due N.; then running MV. 6 miles, the caſtle bore NNE. : Required my 
Here c is the caſtle, and As the ſhip's run. 


OE ͤ ²˙ A 
ANSWER, the caftle's diſtance at Fi is BC = 11,08 m. 


1 
6 — PEELED 


UESTION IV. At noon @ headland bore NIV. b. M.; then ſailing NE. 
5 miles an hour, we anchored at g in the evening in a creek 18 lagues diſtant 
from the headland : Required its diſtance at noon, and bearing from the creek, 


ConsTRUCTION, Having deſcribed the horizon, and drawn the me- 
ridian and parallel, in the meridian take any point A for the ſhip's place 


at firſt: draw the NW. b. W. and NNE. rhumbs, and parallel to them 
draw AB, Ac. | 


Make ac=45m (=9gh.x5 m.): and from c with 54 m. (=18}, 


* 3) cut Az in 3. Then is B the headland, and c the creek. 


ComPeUTATION. Here is given the fide ac=45 m.; the fide cs 


=7 points. | | _ 

Therefore the ſolution falls under Problem I. Book mM. 45- 
And 4B=54'49'; therefore 4 c=46* 26'; and AB 30) miles, 
Draw ao parallel to CB, then 4 CBA= 4 oan=54* 49/. 


| Therefore Cn. L nato 4 maw=21* 04'; which taken from 90 c 
leaves 6856 | 


Ky ». {diſtance at noon is 39,9 miles. 
ANSWER, the headland 8 | bearing from the — Ho 8. 689 56 / W. or 
I" WSW. 1 W. nearly. 


” —— 
— 


* 
* 


QuesT1On V. A ſhip, after failing SE. b. 8. 62 leagues from her port in 


: lat. 20 16 N. met a loop that had run 124 leagues from a place bearing 
L. b. M. of the port the Hip departed from : That was the flaop's cou /e 


and the diſiance of the twa ports? * 
The conſtruction and computatipn being made as in the laſt, A and 3 


repreſent the ports failed from; and c the place where the veſſels met. 


The diſtance of the ports 72,18 leagues. Th 
As. | The ſloop's courſe along cs is 8.55 . 8E. NK. I t 
1 r | — 


WW 


— 
— — 
- — — 
— 
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— — —— 
= 
— 
-— — 


— 
T 4 — _— 


a recrron VI. A merchant Hip meeting with a ſhip of war which had 1. 
Vor. 5. E. 39 leagues 2 the latitude 45 — 7. informed them, | 7 

555 ſhe had been plundered the day before in the'ſame latitude ; and had ſince ; 

& run 67 leagues on a direct courſe between the ſouth and wel; aud that the , 


:-ates were cruiſing about the place where they robbed her : What courſe muſt 
the man of war fleer ta come up with them? he, wars of 


Suppoſe A the place the man of war failed from, ; the place where the 
merchantman was robbed, c the place where they met; then the man of 
war mult ſail along CB to meet the pirates; which ceurſe will be ſhewn.. 
by en drawn parallel to CB, 5 
Here the given diſtance Ac is not drawn from the center of the circle 
repreſenting the horizon, but parallel to co the given courſe ; this was 
done, to prevent the figure from being fo ſmall as it muſt otherwiſe have 
been. = | 3 
Here are two given ſides and an angle oppoſite to one of them, to find - 
the angle B oppoſite to the other fide A c. | 
Then c: . CA:: Ac: ſ. CB. That is, As 67l.:1, 33˙ 45'::39L:f. 
| 18* 52 . | | | 


AxswRR. The courſe which the man of war muſt ſteer is N.71%08'E. 
For LncB=L cnc (ll. 95); and 90 A nc CN. 8 


— — — — — 
— — — — 
” 3 — 
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 _ QuesT10n VII. Two ſhips fail at the ſame time from one port; one fails 
ESE. and the ather SSE. Required their bearing and diſtance when each 
has run 372 miles, © 


— — 
—— 


Here ang ac; therefore B= Lc. Now Z a=4 points; then 
c S LBG points. | | 
ANSWER. B bears from c, N. 455 E. diſtant 28,7 miles. 


—— 
LS * — K K 


— — 
—ñ ͤ è— 


QuesTIon VIII. Sailing on a SIF. N at the rate of 45 miles an 
bour, at 9 o'clock in the forenoon a cape bore SE. ö. E, diſtant 15 miles: R- 
quired its bearing and diſtance at 4 o'clock in the afternoon. | 
ANSWER. The cape s bears N. 68* o8' E. diſtant 37,44 miles. 
Here the ſhipis at A at 9 o'clock, and at c at 4 o'clock : the two ſides 
Ac, AB, and the contained angle Aa=9 points, are given, to find the reſt, 


2 


—_—— 


 QuzsrT1on IX. Wanting to know the breadth of a river in the mouth of 

which are ſeveral iſlands; from a cliff on the eaſtern fide, I ſailed VN. 

Jo miles; and then running SS. 35 miles, I reached the weſtern ſhare : Re- 

quired the breadth between thoſe places. N Rd | 
Here aB=50 m. BC=3J5 m. and 4 B=4 points; required Ac. 
ANSWER, The breadth between A and c is 35,35 miles. 


D3 QuzsTION 


p 2 


$ \ 
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 QuvesT1on X. From two ports, lying under the ſame meridian, and diſ 
tant 236 miles, two ſhips ſail toward the eaſt, and meet when each har * 
372 miles: Required the courſe of each, ; 


In Fig, X. A and B are the ports failed from, and c the place where 
the ſhips met. Here are given the three fides ; but two of them being 
equal, the ſolution is eaſily tound by drawing the perpendicular cp. 


8 III. 4 
ANSWER, A's courſe is 8. 71 30 E. and n's courſe N. 71 * E. 40 


VO — * 


W 2 8 
— — K — — 2 — 


* * — 


QuzsT10n XI. Two ſhips meeting at ſea, find they had ſailed from tw 
ports in the ſame latitude, and fant 576 miles: the ſhip from 2 weſtern 
port had run between the N. and E. 328 miles, and the other had ſailed 410 
miles: Required the courſe ſteered by each ſhip. 5 Moe 


A and Bare the ports ſailed from, and c the place where the ſhips met, 
From the three given ſides, the angles may be found by B. III. 49 or 50. 


AnsWex. The courſe from a is N. 4449 E. and from nis N. 5550 W. 


— * 
— 


n 8 — 


U—— 


—— —  _—_@@rl/ 


Qs rio XII. 4 foop in three days cuaſted round a triangular-ſhaped 
i land: the firſt day ſhe ranged along one fide, and her courſes reduced to one 
was SM. diftance 64 miles; the ſecond day's diſtance was 106 miles between 
the S. and E.; and that 4 the third day was 83 miles : Required the direct 
courſes of the ſecond and third days. | | N | 


In Fig. XII. The firſt day's diſtance is as, the ſecond rc, the third 
AC. And the figure is thus conſtructed. 5 
Having deſcribed the horizon, and drawn the meridian and parallel 
(22), their interſection A is taken for the place which the ſhip failed from; 
draw the SW, rhumb as=64 miles; from A and 8; deſcribe arcs with the 
fradii 106 and 83; to their interſection c, draw the lines BC, AC. 
Draw the line Ar parallel to gc, and continue Ca to 0. 
Then the arc s r meaſures or gives the ſecond day's courſe. 
And the arc No the courſe of the third day. BR | 

Now the angles being found by either method, as in Book III. 62. 
the courſes will be thus obtained. ET 
From Z4.BAC take 4 points= Cs AB, there remains Cs ac. 2 
Then arc sr, or £S$Ar=Z£4S8Ac+4c (=4 car by II. gs) for the 

ſecond courſe. | | * 


And arc No, or NA9= Cs (II. 93) the third day's courſe. 


Answ n. The ſecond day's courſe is 8. 83 20 E. and the third day's 
. N. 46 21 W. | | g | 


The directions given for this 12th queſtion may be applied to the tuo 
preceding ones. : 5 n 


\ 
©: F 
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QUESTION XIII. Sailing into a harbour I obſerved two landmarks, the 
Tore E. the other M. ; and after running F. 3,3 miles, the eaſtern one 
5 N. 58 30“ E. and the weſtern one N. 47 20” V. Required my diſtance 


from theſe landmarks at each time of ſetting them, YG 


The ſhip. is ſuppoſed firſt at a, and to ſee the landmarks c and p in the 
lines Ac, AD 3 then failing to B, ſhe ſees the ſame marks in the lines Bc, 
pD, drawn parallel to the given rhumbs An, A 9. ; 

Here are two right angled r v BAC, BAD to work in; there being 
known in each, the fide AB, and all the angles; whence the ſolution will 
be as in Book III. 45. 3 Ee OR, 


ANSWER. ADZ%Þ,58 m. Ac=5,385 m. BD=4,87 m. BC =6,316 m. 


— 


— * 


n_c 


Qvssriox XIV. Coaſting along ſhore I obſerved two iſlands, the _ 
bore E. and the other W.; then ſailing SSE. I E. 164 miles, the weſtern 


diflance at each time of ſetting them. 


Here are two oblique angled triangles to work in; and the ſolution 


known. 


ANWSER, Ac 145 m. ADZ=25,51 m. BC=30,88 m. BD=22,94 m. 


—— 
n = 
PII — 


QuzsT10Nn XV. Three ſhips, ß, c, D, ſail from the ſame road A, and 
bound to different ports lying in the ſame parallel of latitude ; B's courſe is 
NIP. b. N. diſtance 12 miles; C's courſe NE. b. E.; and »'s raY 1 is 
ENE. Z E.: Required the diſtance of C and p from their ports, and a!ſo the 
d;ſtance of thoſe purts from one another. wo $ 


| their interſection c repreſent. c's port, draw the given rhumbs cs, Cn, 
cr: make Co=12 miles; produce nc towards A, and parallel to nA draw 


an parallel to c r, meeting the eaſt line in O: then A is the port failed 
from, and B, c, D, are the ports bound to. ned 

The ſolutions of theſe triangles are the ſame as in Book III. 54; there 
being given one fide and all the angles. Re 

Thus 4 Bac=8 points, £.B=5 points, 4 BCAZ3 points. 

The CBA qt points, Dr II point. 


ANSWER, ACS=17;96 m. g= 3036 m. Scr 215 m. BD=39,56 m. 


24 5 QuzsT10N 


Hand bore Nil. b. V. : V. and the eaſtern tore NE. & E. Require their 


Having deſcribed the horizon, and drawn the meridian and parallel, let 


0B, meeting the weft line in 3; draw BA parallel to oc, and draw 


* — —ñ—— — 
— * 
Jt — I 


— 
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Book III. 


the meridian line for their anchoring place, and in the fame line take 
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 QuvesTION XVI. Two ſhips, A and B, ſail from the port c; 4 , 
SSE. 50 miles, and ; &. 5. S. 40 miles: Required their bearing 2 
tance; and haw far A is to the ſouthward and eaſtward of B;. n 


Book vl. 


Deſcribe the horizon, draw the meridian and parallel, and their inter 
ſection c repreſents the port ſailed from. X 8 
Draw the given rhumbs, in which take c A= 50, eB==40 : then 4 and 
B repreſent the places to which the ſhipgare come. | 
Draw As; and through B; draw the meridian Bp, meeting the parallel 
AD drawn through A: then By is the difference of latitude, Da the de. 
parture, and BA ſhews the bearing and diſtance ſought. | 
In the triangle CBA, find the unknown angles, and fide Ba by art. 60. 1 ; 
| | "a | ptDer 
Draw c n parallel to Ba ; then Z se LAS (= 4 acn (Il. 95)) gives 
Cscn the bearing from B to A: and 2 5c taken from oe leaves 2 zap; 
hence BD, DA, are found by art. 52. Book Il. 


ANSWER. BA=43,33 miles, BD=12,93 miles, da=41,36 miles. 
And the bearing from B to A is S. 72* 3 E. 


— 


1 pa ” 4 5 


fn _—_— 


{ | \ 

QvesT1ON. XVII. Mt ſun-riſe, being four o'clock, a ſhip ſaw a flop to 
the WNI. ard a brig to the E. b. N.; they all came to anchor along-fide one 
another at nine o'clock, each having run ſince ſun-riſe five knots an hour, and 
the ſhip's courſe was due north : Required the courſes Lale by the flop and 
brig, and their diſtance from the ſhip in the morniug when ſhe ſet them. 


Draw the TVI. and E. ö. N. rhumbs as, an; aſſume any point p in 


DA=25 miles the diſtance each failed ; through A draw Ac, AB, pa- 

rallel to a, an, and on p with the radius DA deſcribe a circle cutting Ac, 

AB, in c, B: then A is the ſhip's place, c the ſloop's, and B; the brig's, at 

four in the morning. | 
Now 4 c=4 pac=4 b as=6 points; therefore C anc=4 points. 
And 4 B=Z4 DAB D an =/ points; therefore C AaDB=2 points. 
The ſides Ac, AB, will be found by art. 56. Book III. 


| = FCA=149,13 miles, and c's courſe is NE. EY 


IT 


6 
* 
— 1 — — — — — — 9 — 


Quxsriox XVIII. Having dropped anchor in a very deep water, in à ri- 
ver, with a buoy and rope of 50 fathoms fixed to it, I fell dnun the firean 
till I bad veered out 140 fathams of cable, and then the buoy was 429 fathoms 
a- head of me : Required the depth of water. © Net 


Conſtruct the triangle azc with the three given ſides, letting CAZ129 
be horizontal to repreſent the ſurface of the water. 


5 . par 


* 
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Draw BD perpendicular to CA continued; then B repreſents the anehor, 
the buoy, C the ſhip, and-BD the depth of the water. f 

F In the triangle ABC find (III. 50) the angle acs; then in the right 

anoled triangle CDB, the fide CB and all the angles being known, the {ide 

a0 may be found, as in art. 52. Book III. ws Wh 


AnswER. The depth of water DB is 48,71 fathoms. 


* ; 7 PII 3 - . ” £ — 8 Ms. 


0 _ nth... N — — — 
_ 2 - ns... A... 


At. 


QuesTi0N XIX. Coming within fight of twa hea . 
and South of each other, the ſouthern one bore from the ſhip due Eaſt, and the 
uber NE. b. E.; and after ſailing due Eaſt 5 miles, the northern headland 


ether, and their diftance from the ſhip at each time of ſetting them. 


In the eaſt and weſt line take Ba=5 miles; draw the NE. 5. E. and 
NE. b. N.Z E. rhumbs Bn, BD; through A draw AD parallel to Bu, meeting 
vo in v; draw DC perpendicular to az continu d. 


times of ſetting them, and AB the diſtance failed. 

Now LAS (Len by II. 95 g=) 3 points; the C DRC AE points. 

Then Z ABD=11E pts. (II. 91); ABR A pt. and C BOC 3 pts. 

ſides aD, BD, by art. 52. Book III. | 
And in the right angled triangle Bcd, knowing the fide Bp, and all the 

angles, find the ſides Bc, . 1 OY 


ANSWER. AD=1 3,31 m. BD=9,565 m. Bc=6,07 m. CD=7,395 m. | 


2 
* 


| QuesTion XX. Having caſt anchor, I alſerved the bearings of a tower, 
a mill, and a lighthouſe, known to lie due eaſt and weſt of one another; the 
tower bore NSM. the mill SIP. b. S. V. andthe lighthouſe S. h. V. V.; 


ajefts diſtant from the place where I anchored? © 


Draw the given rhumbs Br, Bo, Bt; make BA = 51 miles; continue 
cb till it meets Ab, drawn parallel to Br, in D; draw DC parallel to Bn - 
ligzhthouſe. 8 


. 


queſtion, 


ar Win. DAZ9,021 m. DB=446'. m. Dc 3, 608 m. and ac =, 785 


1 en u. 


bore ME. b. N. Z E.: Required the diſtance of theſe headlands from one an- 


Then p and c are the headlands; A, 8, are the ſhip's places at the - 


In the triangle ABD having the fide AB, and the angles given, find the 


the diſtance of the tower from the mill is 5 miles: Haw far are each of thoſe x 


then P repreſents the ſhip's place, A the tower, B the mill, and c the 
The angles are made out, Faw the triangles are ſolved, 28 in the laſt 
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SECTION VII. 


Of Sailing to Windward. 


42. When the wind is directly, or partly, againſt a ſhip's direct courſ 
to the place ſhe is bound to, the reaches her port by a kind of zigzag, ot 
2 like courſe 3 which is made by failing with the wind firſt on one file d 
the ſhip, and then on the other. 

In a ſhip, and looking toward the fem or head, 

STARBOARD ſignifies the right hand fide. 

LAaRBOARD the left hand fide. 

Fox wARD or AFORE, is toward the head or ſtem of the ſhip, 
Arr or ABA r, is toward the hinder part, or ſtern. ' 

The BEAM ſignifies athwart, or acroſs, the middle of the ſhip. 


43. When a ſhip fails the ſame way that the wind blows, ſhe is ſaid to 
fail or run before the wind; and the wind is faid to be right aft, or right 
aſtern; and her courſe is then 16 points from the wind. 

When the ſhip fails with the wind blowing directly acroſs her, ſhe is 
ſaid 1 have the wind en the beam ; and her courſe is eight points from ihe 
win WE | 

When the wind blows obliquely acroſs the ſhip, the wind is ſaid to be 
abaft the beam, or before the beam, according as her courſe is more or leßs 
than eight points from the wind. . 

When a ſhip endeavours to fail towards that point of the compaſs from 
which the wind blows, ſhe is ſaid to ſail on @ wind, or to ply ta wind- 

A veſſel failing as near as ſhe can to the point from which the wind 

| blows, is ſaid to be cloſe hauled. The generality of ſhips will lie within 
about ſix points of the wind; but floops, and ſome other veſſels, will lie 

much nearer. | ER a 


44. The windward, or weather fide, is that ſide of the ſhip on which 
the wind blows ; and the other fide is called the leeward, or lee ; 
Tacks and ſbects are large ropes made faſt to the lower corners of the 
f nm and main fails, by which either of theſe corners is hauled fore or 
When a ſhip fails on a wind, the windward tacks are always hauled 
forward, and the leeward ſheets aft. | 
The flarboard tacks are aboard, when the ſtarboard ſide is to windward, 
and the larboard to leeward. 


And the larboard tacks are aboard, when the larboard fide is to windward, 
| and the ſtarboard to lee ward. | 


45. To know how near the wind a ſhip will lie; obſerve the courſe 


ſhe goes on each tack, when ſhe is cloſe hauled; then half the numde? 
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zr 


6. The moſt commen caſes in turning to windward may be * 
143540 the following precepts: 5 
Having drawn the meridian and parallel 
line) in a circle repreſenting the horizon of the place, mark the place of. 
the wind in the circumfererice; draw the rhumb paſſing through the place | 
bound to, and lay on it the diſtanee of probing oY + 
On each fide of the wind, lay off, in the points 
or degrees thewing how near the wind the ſkip can ie; and draw thee | 


umbs. 

"Now te fre cours will be on one of theſe rhumbs accord > 
tack the ſhip leads with. Draw a line b the place $ 
rallel to the other rhumb _ — , and tis will hes the 
courſe and diftance on the other tack. | 
The figures referred to in this ſection 


| , - $7 » 
| as 
. 
% 
? : 2 . 


* 


* 


5 en 
EBACS(N U. 93=) © points; 
Therefore, as 2 the fide nc ſide CA. 


» Ze= 


of latitude (or eaſt and welt 2 
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27 points. 


gave chace at the rate of eight knots an hour, and in four hours came up with 
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* Quesrton II. A hip that is bound to @ port 80 miles direct) in ,,.. 
ward, then at ME. B. N. I E. propoſes to reach her port at two boar © 


Bool. * U 


| ard 
within 6 points of the wind: Required her courſe and diſtance on 2 ta i 
fo as to double a rocky ſhelf lying in the NIF. quarter. | 1 


As the wind is in the NE. quarter, and the ſhip is to double a f.;. 
the NF. quarter, ſhe muſt lead with her ſtarboard tacks ; and run; 
from B, her preſent place, to c in a parallel to the thumb A u, 6 poind 
from ww the place of the wind, ſhe then tacks for her port a, in the d. 
rection of the rhumb A, o, 6 points from w. OS 
The manner of ſolution is the fame as in the laſt queftion, 


3 - ſtarboard tacks NNW. 2 W. 104, 5 miles, 
AxsWER, ſhe runs on her larboard tacks ESE. 1 E. 104, 5 miles, 


V 


— EEE a. — — 9 9 »„— 


3 


Quzs rio III. A ſhip bound to a port bearing NNE. + E. muſt dnl 
a cape To the eaſhuard. Now ſbe having run on her larbaard tack 15 liaruer 
within 6 points of the wind then at M. b. E. the port bore N. b. N. . 
It is required, how near the wind ſhe muſt lic on her ſtarboard tact, and 
what is the diſtance of the port at each time of ſetting it 


Here A is the place of the ſhip at firſt, B the port bound to; ac is he 
run on the larboard tack, and CB that on the ſtarboard tack. 
1 The diſtance AB from the port is 10,08 leagues. 
Aus w ER. ] The run en is 11,62 leagues, and 6} points from the ind 


—— „ — etl; —_— — — 


Qyxsriow IV. 4 ſhip being bound to a port bearing SSE. and dir: 

to windward, having run on her larboard tack 83% miles within 64 paints 

F the wind, on tacking about falls in with a rock at the ſame diſtance fron 

r port. What courſe muſt ſbe run on her ſtarboard tack, how near the 
wind, and what was the port's diftance at firſt ? I | 


Here the fide Ac cB; therefore CB L BAC =62 points. 
Hence Cc = pts. Alſo CR 4 Ban=64 pts. Therefore CN 


F Starboard courſe E. b. N I E. 62 points from the wink 
ANSWER. | The port's diſtance at firſt was 40,47 miles. 


* — 
_ 


QuzsT10n V. A privateer hing by with the wind at NNE. ſees a ſuf 
on her flarboeard tacks, that had juft doubled a point 18 miles to the M. b, 
N.; the floop run for her port within 6 points of the wind ; the private? 


her : Required the flooy's rate of ſailing, and alſo the courſes of bath weſſets. N 
Draw Ba to the E. 3. S. and equal to 18 miles; on 4 with 32 m. 


& x 4, cut the thumb nc, drawn fix points from the wind, at w. * 


IJ 
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bc dt es the ſloop at c; and Bo drawn parallel to ac ſhews the pri- 


th ſe from the north. 


vateer's cout 
Here are known two ſides, AB, AC, and the 4 aBc=13 points. 


The loop ſails NW. at the rate of 3,86 m. per hour = Bc 
ANSWER” I The privateer's courſe N. 63 12/ W. LY + 


—_—x 
«i. 


QUESTION VI. Being within fight of my port, bearing N. b. E. Z E. 
diftant 18 miles, a freſh gale ſprung up at N. B.; then running. 48 miles on my 
lrhoard tacks within fix points «f the wind, I tacked about: Required the courſe 
and diſtance to my port. £7 0 tar | 


and ESE. rhumbs, the latter being fix points from the wind at NE. 
Make aB=18, AC=48, and join Bc. Then the ſhip, at a, firſt ſees 


z on the ſtarboard tacks. — ase. 
Therefore the ſolution will be as in Article 48. Book III. 
AxswER. The ſhip has to fail 52,89 miles on a courſe N. 47* 42! W. 


P 5 
= IC . P PSY 
— 


1 4 — — 
— — 


SS. 4 M. 325 miles, the tuind being at N. b. E.; afterward, the ſhip having 

plied on her larboard tack far three days, met a veſſel which had ſailed on o direct 

courſe SE. b. E. 2 E. 412 miles, fince ſhe departed from that port: Required the 

2 courſe and diſtance between her meeting thoſe veſſels, and how near the wind 
e lay, 


the veſſels, and Ac the diſtance run; parallel to which, a line 8 A being 
drawn, will ſhew the courſe and diſtance from the wind. 


 AnsweRr. The diſtance Ac=524,8 m. The courſe is N. 79 510 E. 
6; points from the wind. | N LY 


OTIS 


* 


bad Jailed NE. 5. N. 284 miles from the port I am bound to, and next day I met a 


Points abaft the beam: Required my courſe and diftance between the meeting theſe 
veſſels, and how near the wind 1 had lain. as I / 


Here n; is the port,. A and c the places of meeting. 
her © are known two ſides and the contained angle. 
| Answay, J The ſhip had failed S. 64* 6/ E. 45 pts. from the wind. 
Eo . anne | 
| ; — QuesTION 


- 


cer is firſt at A, ſees the loop at B, gives chace along the line 


From any point A draw AB, AC, parallel to a o, a n, the N. 8. E. 4 Z. 


her port at B, and failing from A to c on the larboard, muſt go from c to 


Here then are known two fides, and the included angle a =8z points. 
Quxsriox VII. A ſhip bound to a port met a ſloop, that had ſailed from thence 


Here n; is the port bound to, A and c are the points where the ſhip met 


QuesTION VIII. Having my ſtarboard tacks on board, I met a ſnow that 


brig which had ſailed from thence 320 mules, with the wind then at S. b. E., two. 
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near the wind? 


AC, CB, being drawn, will ſhew the diſtances run on each tack 


being equal, the ſolution is readily performed, as in Art. 64. Book Ill. 


From the pirate: Required how near the wind the flop muſt run to fetch the iſland, 
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Quvzerron IX. The wind at & M. and a plying to wi 5 
running 450 miles on ber larboard tacks, and ip. her 8 fte 
Be has got 300 miles directly to windward : "bat were her courſes, — 


From any point a draw AB 300 miles, and parallel to the wind th 
aw; on A, B, with 450 miles, deſcribe arcs cutting in c ; then the lng 
The point c is taken towards the N. quarter, as the ſhi TY 8 
her larboard tacks; but had ſhe led with her ſtarboard, the - Faq 2 þ 
_ been taken toward the SE. quarter. a ; uk 
"he rhumbs as an, being drawn parallel to ac, cs, will 
courſes on each tack. 55 FE A TRY ew 


Here are the three fides given to find the angles; but two of the ſie 


Courſe on larb. is N. 64 28/ W. 


ANSWER. ; Courſe on ſtarb. is S. 25 32 E. {6 pts. from the wind, 


3 . 
| # * 
Qurs rom X. I pirate gave chaſe to a Joop, x 5 miles a- bead to the WSIF, 
and both on their flarbord tacks, the wind at M.; the floop finding ſhe lt ua 
tacked about for an iſland in the NI. quarter, 11 miles diſtant from her, and iz 


— 


nn 


and whether the pirate can lie up for it or not. 


The ſloop's courſe is N. 10? o5/ E. 5 pts. from the wind, 
ANSWER. J The pirate's courſe is N. 66* 54/ W. 2 pts. from the wind. 
CT Therefore he cannot fetch the iſland. 


* 8 
ö N —_ — N _ 


\ N 


QuzsTI0N XI. Being on a NE. courſe with my larboard tacks on board, an 


 #fland bore SW. diſtant 12 miles, and my port bore NV,; the diſtance 15 
| #fland and port is 40 miles: now the wind is at NV. V. and I can lie u 


nearer the wind than bz points: Required how far I muſt run on my preſent court 


| before I tack about, and alſo the courſe and diflance I have then to fleer. 


Ina S. rhumb, from any point a, take ac=12 miles; and on c with 
a diſtance of 40 miles cut As drawn parallel to the NV. rhumb an; nov 
the rhumb 2 0 being taken 65 points from the wind, through B; draw 55 


parallel to as, meeting cA continued in v. 


Then A is the ſhip's place, c the iſland, x the port bound to; 4D is tit 
diſtance to run on her larboard tacks, and Bp on the ſtarboard. 
In the triangle CB4 there are known ca, ch, and L cAB E LC 
. TO pts. ; then nding an (80. 57) in the triangle ABD, one fide and all the 
> known, the ſides AD, Ds, are f as in Art. 54. B. III. 


— The diſtance run on the NE, courſe is 59,75 miles. 
22. On the ſtarboard ſhe muſt run W. b. 8 ik. 50528 miles 


Qs riet 
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on XII. 4 ſhip ſailing cloſe by @ point ſees two lighthouſes, ons 
— ph the NE. b. E. 2 other eight miles to rs b. S. 7777 
and 


e 1 how far ſhe muſt run to bring the lighthouſes to bear in one line; 
eil be the bearing and diftances of them from the ſhip at that time. 


From any point c draw Ca parallel to an the NE. b. E. rhumb, and 

| equal to 18 miles; alſo draw cs parallel to a o the SE. b. S. rhumb, and 
equal to eight miles; join AB, and produce it until it meets the line cD, 
drawn parallel to @ r, a rhumb 64 points from the wind at SE. | # 

Then c is the ſhip's place at firſt; a, B, are the lighthouſes; cp the 
diſtance run to ſee them in one right line DBA ; then a rhumb a , drawn 
parallel to DA, ſhews their bearing at that time. 1 | 

In the triangle AcB, knowing two ſides and the included Ce g= 4 nao 
g points, the other angles and fide as is found, as in Art. 46. B. III. 

In the triangle AcD, knowing CA, the £4 aTD= 2 nar=13 & points; 
alſo the Za found before; the diſtance cp, AD, are found, as in Art. 55. 
Book III. . 

[ The ſhip runs on her larboard 8. b. W. + W. dift. 23, 38 m. 

ON! 


Then the lighthouſes bear N. 32 17 E. | 
The diftance of A being 38,66 miles, and of B, 18,96 miles. 


© 2 


2 — — - tt ct —_WC w_w 
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QuesTIon XIII. A ſbip wants to reach a port bearing SIW. b. S. at 
two boards, but muſt double a point bearing S. 5. E. the point being 25 miles 
to the NE. b. E. of the port; the ſbip can lie no nearer the wind, now at 
M. than 65 points : Required ber courſe and diſtance on each tack 


Take c the point, 25 miles to the NE. b. E. of s the port; through 
c draw CA parallel to Bu the S. b. E. rhumb, and its meeting with on 
the SW. b. 8. rhumb produced northward, gives a the ſhip's place; 
then ap and DB being drawn in the direction of the rhumbs as, Br, 
6 + points from the wind at w, ſhew the runs on each tack. 55 
In the triangle Anc, there are known mc, 4 BAC= Cen =A points, 
EC ABC=2 points, c o points; then AB is found, as in Art. 55. B. III. 
In the triangle ABD, AB is now known, BAD Z= 4.B5=5 & points, 
CAD 2 oBr =7 + points, 4.D=3 points; hence AD, DB, are found, 
| © in Article 55, Book III. : * 
AxswEz. J Courſe on ſtarboard is 88 E. + E. diſtance 58,51 miles. 
Courſe on larboard is NW. b. W. 2 W. diſt. 51,85 miles. 


69 
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QuesTION XIV. 4 privateer hing behind a low point which was 6 miles 

70 the SIV. b. W. of her, ſees a ſhip to the SSE. coming out of a port 18 miles 
 aiftant fram the point; the ſhip fleered NW, with a briſt gale at SS.; 
the privateer ſflipt his cable, and gave chace within 6 & points of the wind, 
and takes her? How far had each run when they met ? 


Take 4,6 miles to the NE. b. E. of c the point; from c with 18 miles 
ut AB, drawn parallel to co the SSE, rhumb, and B is the * 


LY 
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à headland 21 miles to the NE. which fhe is to weather, 


Thus pg pts.; £DCA=DCB+ 4 BCA; 4CADSL BAD+ £ Bac, 
e 5 On the ſtarboard ſhe runs 30, 19 miles on the NNE. rhumb. 


. ©» QuesT1On XVI. There'is a certain port, ts ſail into which you mu 


VN. b. E.4 E; you then fleer- directly for the beacon, and from thence to the 
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ſhip ſailed from; then ap drawn 6 & points from the wind, meetin 
drawn NW. the intertection Þ is the place where the privateer wen 
the ſhip. 

In the triangle acs, is given Ac, Cs, and CAB £nco=7 points th 
find A8. 3 J 
Iden in A Ann, where C DAR = Cre = 1of points, C DBA=2 point 
E£ADB=3E points; find the ſides A b, BD, as in Article 55. Book III. 8 

% \_ © The ſhip had failed NW. diftance 25,27 miles. 
2 ; The privateer failed W. b. N. E W. diſtance 10,96 miles, 


* ä * ** "a 1 
2 — — 
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Quss rio XV. A ſhip that can lie within 6 points of the 


— 


. Wand, ſe 
in order to reach an 


iſland, q miles to windward thereof; the wind being at eaft : What courſe 
and haw far muſt ſhe go on each tack, ſhe leading with the ſtarboard ? ; 


Draw Ba=21 m. fo the SW. Bc=9 m. to the Eaft, join ac; dray 

AD, CD, each 6 points from the wind; then A is the ſhip's place, s the 
| headland, c the iſland, AD the run on the ſtarboard tack, and pc that on 

the larboard. - 


| In the A ABC, is given BA, Bc. #; ABC=12 points to find the other 
Is, and Ac. —— — 22 — a | 5 6 


Then in the A AcD, is known ac; and all the angles, to find AD, DC, 


On the larboard ſhe runs 23,12 miles on the SSE. rhumb. 


— 8 * FR 
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bring the port and a mill, 4 miles to the eaft thereof, to bear due weſt ; at 
which time à beacon, 5 miles to the NE. b. M. 3 E. of the mill, muſt bear 


port : Required the beſl wind, in the NW. quarter, for a ſhip that goes 


equally well on both tacks, together with the diſtance ſhe muſt run on each tack 


from the ſaid ſituation to the port. e : 
In the W. rhumb take Bc=4 miles, and in the NE. b. N. j E. rhumb 


take ep=5 miles, join pc, and parallel to the N. b. E. 4 E. Thumb 


Bu, draw DA, meeting cB continued in A. 0s 
Then c is the port, B the mill, p the beacon, and A the ſhip's place. 
In the A Ban, is given BD and all the angles, to find ap. | 

and oc. . BAK. RE 


Draw the rhumb B30 parallel to Dc; then the Enso being biſected, 


will give the place of the wind as required. 


She will run on her larb. N. b. E. 4 E. diſtance 4, 105 miles. 


: enen An on her ſtarb. S. 61* 40% W. diſtance 8,145 miles. 


* 


The beſt wind is that blowing from the NW. 4 W. near: 


Qyrsrion | 


on 
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error XVII. 4 Hip in doubling a point direftly to the eaſt of her 

Var 0 lighthouſ n, NNIW. : W. which ſhe knows lies NE. b. N. 

7 from the port, and is 10 miles to the NE.byE.+ E. of a beacon bear- 

? - ive north of her port; the wind is at IF. by N. Z M. and ſbe can lie 

3 five points : Required her diſlance on each tack, ſuppoſing that ſhe 
Lad with the larboard, and keeps cloſe to the Iighthouſe when jhe tacks. 


Let p be the beacon ; make Dpc=10 miles in the NE. b. E. 4 E. 
umb, and c will be the lighthouſe; draw cs parallel to the NE. b. N. 
E. rhumb Dx, and its interſection 8s with the S. rhumb Ds is the port; 
through B and c, lihes being drawn parallel to the E. and NN7F. 1 IV. 
-humbs, their interſection A is the place of the ſhip. 

In the A co there is given pc, and all the angles; hence ge may be 
found. (III. 55.) OE 


* 


In the A cBA there is known cs, and all the angles; hence Ac is 
found, as in Article 55, Book III. 


Here L DBC=3+z points, £. BDC=10Z points, & Deg=2Z points. 

And 4: ABC=4F points, 4 BAC= 5F-points, £aca8=6 points. 
Assuan. $ Tbe diſtance on the larboard tack is 12,49 miles. 

s ER. The diſtance on the ſtarboard tack is 14,25 miles. 


mw _ — — — — — 4 — 


QuesTIon XVIII. A fbrp that can lie on either tack within fix points of 
the wind, then at ESE., having her ſtarboard tacks aboard, ſees her port di- 
reftly th windward, and a headldnd that lies 6 miles ta the NM. of her port, 
bire E. b. N.; now ſhe wants to reach her port at two boards : Required 
ber courſe and diſtance on each, and alſo the bearing and diſtance of the head- 
land when ſhe tacks. N | | | 


Let c be the headland, and n, fix miles to the SE. be the port; through 
c and B draw lines parallel to the E. b. N. and ESE. rhumbs, their in- 
terſection A is the ſhip's place; lines drawn through A and 8, parallel to 
the rhumbs, fix,points from the wind, will meet in p, the place where the 
ſip muſt tack; draw pc, and this ſhews the poſition and diſtance of the 
headland from the ſhip when the tacks. of 8 >, 

In the A Acs is given Bc and all the angles; find an=8,979-. 

In the A ABD is known as and all the angles; find Ab, BD. 
. the A BCD is known Bc; BD, and 4. CBD; find the other angles 
* a -" NN | 

Here CAchg points, 2. CAB=3 points, L ABC g points. 

The £3aD= 6 points, C aBD=b points, 4 aDB=4 points, and 

. 


CBD =4 points. 1 
Ship runs on ſtarboard 11,73 miles NE. 
were. -” ' larboard 11,73 miles 8. 
Headland bears when ſhe tacks S. 29 32 W. diſt. 8,607 m. 


E 7 QuzsTION 
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; ' QuzsT10x XIX. A ſhip, on her flarboard tacks, paſſing by a point. 
her F ag eight miles to the E. b. hs at the ſame . 2 e 
to the . b, . of the port, bore N. 5. E.; the ſbip could lie within 6 
points of the wind, then at ME. b. E. I E. on her flarboard tack, and uit 
in ſeven points on the lar board; ſhe propuſes to reach the port on two gy, . 
Required her courſe and diſtance on each, together with the bearing and al. 
tance of the cliff when ſhe tacks about. 


Here the point c is taken for the cliff, in order to bring the figure 
within the limits; but if a, repreſenting the ſhip's place, was taken At 
the center, the conſtruction would be more fimple. „ 

In the E. 6b. N. rhumb, take ca g miles; draw as parallel to the 

S. 5. V meeting CB, drawn SE. 5. E. in n, which is the port bound 

to; draw BA parallel to ac, meeting the &. ö. W. rhumb in A, which is 

the ſhip's place; through a draw Ap, parallel io a rhumb 64 points 
from the wind, and through B draw BD parallel to a rhumb ſeven points 

from the wind, their meeting p is the place where the ſhip is to tack; 

then Dc being drawn, ſhews the bearing and diftance of the cliff from the 
ſhip when ſhe tacks. | 

In the A CAB, is given nc An and all the angles, to find ca=6,12;, 

In the A Arp, is given AB and all the angles, to find AB, Bo. 
In the A ACD, is known AC, AD, and Z. CAD, to find the other angles 
and cp. | | 
Courſe on ſtarboard is N. b. W. diſtance 14,96 miles. 
ANSWER. J Courſe on larboard is SE. b. S. 1 E. diſtance 16,97 miles. 
| The cliff on tacking bore S. 25 21 E diſt. 9,596 miles. 


IT uo A ñ—ä !ꝛ > 


Qs rio XX. A floop at ſea diſcovers two bencons at the extremities of | 
a ſhoal, the one bearing I. b. S. and the other, which bore S. was nine 
miles ta the S. E b. S. of the northern beacon ; the port bound to is known to 
lie IF. b. N. of one beacon, and S. ö. V. of the other, and the veſſel can lie 
within 6g points of the wind, then at & .: Requir.d the courſe and diſtance 
on each of two boards to gain her port; and alſo her bearing and diſtance 
from the port when ſhe firſt ſaw the beacons. 


The conſtruction and ſolution of this queſtion being not much unlike 
the two laſt, are omitted here, to exerciſe the learner's —_ 


| + © Courſe on ſtarboard is SSE. J E. diſtance 16,785 miles. 
aur. Courſe on larboard is NW. b. W. 1 W. 16,054 miles. 
(Fort bore S8. 4048 W. diſtance 9,56 miles. 
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nook VII. PLANE SAILING. 
SECTION Vm. 
Of Sailing in Currents. 


% A CurRENT or T1DE is a progreſſive motion of the water, 
cauſing all floating bodies to move that way toward which the ſtream is 
. of a tide, or current, is that point of the compaſs toward 
which the water runs; and the driſt of a current is the rate it runs per 
bebe ſetting and driſe of the moſt remarkable tides and currents are 
pretty well known ; but in unknown currents the uſual way to find the 
ſetting and drift, is thus : 3 

Let three or four men take a boat a little way from the ſhip; and by 
a rope, faſtened to the boat's ſtem, let down a heavy iron pot, or loaded 
kettle, into the ſea, to the depth of 80 or 100 fathoms, when it can be: 
the boat will by this means ride almoſt as ſteady as at anchor. Then 
heave the log, and the number of knots run out in half a minute will 
give the milæs which the current runs per aour; and the bearing of the 
log ſhews the ſetting of the current. 7 


48. A body moving in a current may be conſidered in three caſes : 
Namely, Moving with, or the ſame way the current ſets. 3 
Moving againſt, or the contrary way to that which the current 
ſets. 5 
Moving obliquely to the current's motion. 1 
When a ſhip fails with the current, it's velocity will be equal to the 
ſum of it's proper motion and the current's drift, 
When a ſhipfaiis againſt a current, its velocity will be equal to the 
difference of the current's drift and its own motion. 
So that if the current drives ſtronger than the wind, theſhip will drive 
aſtern, or loſe way. | | 
| When the courſe ſet is oblique to the motion of the current, the ſhip's 
real courſe, or that made good, will be ſomewhere between that in which 
the ſhip endeavours to go, and the track in which the current tries to 
drive it: that is, it will always be along the diagonal of a parallelogram, 
in which one fide repreſents the diſtance run by the ſhip, and the other ad 
joining fide is the current's drift in the ſame time. „ 5 
For ſuppoſe asDbc be a parallelogram, the dia- A 3 


gonal of which is AD. | 
Now if the wind alone would drive the ſhip from 
A to B, in the ſame time as the current alone would 
drive it from A to c. 5 R 
Then as the wind neither helps nor hinders the 
ip from coming toward the line cp, the current will bring it there in 
the ſame time as if the wind did not act. 
And as the current neither helps nor hinders the ſhip from coming. 
toward the line Bp, the wind will bring it there in the ſame time as if 
current did not act. LED 
” E 2 — Therefore 
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Therefore the ſhip muſt, at the 

thoſe lines, that is, in their meeting 
Conſe 

nal AD. 


49. When the ſhip's courſe and 


and driſt of the current, are given, the true courſe and diſtance oſ 
ſhip may be found, either by working a traverſe, in which the ſettin 
and drift of the current are uſed as a courſe and diſtance ; or by a trigo- 
nometrical ſolution of the wiangles forming the figure: which is thu 


conſtructed. 


From the center of a circle draw the ſhip's proper courſe and diſtance, 
and the currents ſetting and drift ; with theſe two lines form a parallello. 


gram, and from the center draw a 
real courie and diſtance. 


50. It may frequently happen, that a ſhip is plying to windward acroſs 


a tide's way. In ſuch cafes, 
Firſt conſtruct the figure for th 


and the other the current's drift. 


And lines drawn to meet one another from the center and port bound 


to, parallel to the diagonals of thofe 


and diſtances which the ſhip muſt run on each tack. 
The figures referred to in this ſection are at the end, in Plate X, 
where they are marked by the number of the queſtion. 


QuesT1On I. A /hip fails E. five 
miles an hour, in a tide Lan the 
ſame way four miles an hour : Re- 


quired the ſhip's courſe, and the diſ- 

tance made good. | 
The ſhip's motion 1s 5s m. E. 
The current's motion is 4 m. E. 
The ſhip's true run bs. 9m. E. 


fn this cafe; 26 the fhip fails em 


A, the ſame way the tide ſets ; there- 
fore her motion will be quickened as 
much as the tide's motion is. 


quently the ſhip muſt have paſſed from A to Þ in the diagg. 


e plying to windward. 
Then with the courſe on each tack, and the ſetting of the current, 
form parallelograms; in each of which one {ide muſt be the ſhip's rate, 


AILING. Bock vn 
end of that time, be found 
D. | 


in bot 


diſtance by account, and the ſetting 
the 


diagonal, which will ſhew the ſhip's 


parallelograms, will ſhew the courſes 


| QuesT1on II. A Hip ſails SSIT. 
with a briſk gale, al the rate of nine 
miles an hour, in a current ſetting 
NNE. two miles an hour : Required 
the ſhip's courſe, and the diſtance made 


good. 


4 


The ſhip's motion is SSW. 9 m. 
The current's mot. is NNE. 2 m. 
ET — 
| The ſhip's true run is 88 W. 7 m. 

| Here, becauſe the ſhip fails in 2 

contrary direction to the tide, its 

real motion will be flower than * 

=_ to be by the drift of the cur- 

prent, | 
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s Tron III. At ten o'clock in the forenoon, a ſhip that was running 
Kays an hour, came in fight of her ex bearing ENE. ; but finding, 
t three o'clack in the afternoon, that ſhe had made no way, ſuſpected a cur- 
vent, which on trial was found to ſet I Sl. five miles an hour : M hat had 

geen the courſe and real run of the ſhip during that time ? wo 


In this caſe, had there been no current, the ſhip in five hours would 
have gone a- head 20 miles from A to 8: and had ſhe been becalmed, ſhe 
would have driven with the current 25 miles from A to c: conſequently 
the difference, AD, of theſe two motions, is the diſtance the ſhip has run; 
that is, ſhe has driven aſtern five miles. 3 15 


1 4 a We 


* e 


— — ed EO OT—_ — —— — — _—_____@_w 4 — 


R 


Cors ion IV. A ſhip in doubling a cape meets a flrong tide ſetting SE.; 
after running SIW. 18 miles by the log, the cape bore N. 4 E. Required 
the diſtance of the cape, and the drift of the current. 


From A the cape, and center of the horizon, draw as the SV. rhumb, 
equal to 18 miles; through n draw Bc parallel to the ſetting of the tide, 
or S. E. rhumb an; then ac being drawn S. 4 V., its interſection, c, 
with Bc, ſhews the ſhip's place; and that ſhe has run the line ac while 
the tide ran the length of Bc, or an, ver 


In the triangle ABC there is given AB and all the angles, to find ac, 


C. £ | 
The £B=8 points, C HAC =I points, 4 ACB=44 points. 

| F The ſhip bas run 22, 41 miles 8. 1 W. 
. ; The tide has run 13,35 miles SE. 


1 


„ > 


QuesT1on V. 4 ſhip falling in with a current that ſet NNIW.z . 
diſcovers a riff of rocks on the larboard, the eaſtern point of which is nine 
miles to the NE. b. N. f E.; and can be weathered by fleering E. b. S. 
Required the diſtance the ſhip muſt run by the log, and alſo the drift of the 
current, 9 | 
Here A is the ſhip's place, c the eaſtern point of the rocks to be wea- 
 thered, ay the courſe ſhe muſt ſhape in order to run along the line ac, 
which is the diagonal of the parallelogram formed by as, the ſuppoſed 
tun of the ſhip, and ar, the current's drift, 1 
Axsw zz. J The apparent run by the log is 10,76 miles. ; 
And the.drift of the current is 10,27 miles. N 
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Qpxs rio VI. A ſhip in croſſing the mouth of a river, into which the 

tide ſet due eaſt, ſails from @ buoy on the ſouth fide, NE. 10 miles, and then 

Valk in with another buoy on the north fide, diſtant from the firſt 15 miles: 

Required the Hip's courſe, with the _ of the current, 3 
a; 3 


— — ˙ ens — K 7˙ eo oe wer re en 
. LIES . . 
N 
3 


1 Here there are given AB 10, Ac 15, the £B=12 points. 


=_”” lig bu bra and cape: alſo the courſe the ſhip has run. 


interſection v is the lighthouſe, 
Ars w * The diſtance An or Bc is 12,72 miles. 


the line AB; but her real courſe is along the line Ac, the diagonal of the 
and Bc=30 (=3Xx10.) 1 | 
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In the SF. rhumb take BA=IO miles ; on A, with 15 miles, cyt the 
E. thumb, gc, in c : then A repreſents the ſouthern buoy, c the northern 


- na run, AC the real run, and BC the driſt of 


4 The ſhip's courſe is N. 61* 527 E. 
ANSWER. i The tide's drift is 6,161 miles. 


111... * — 


Ques710n VII. A 11 clock in the evening, a lighthouſe bore S. 5. 9. 
and a ftrong tide was fetting WSW. M. at the rate of 35 miles an hour, 
we ſteered directly for the lig bt houfe, and at four in the morning we paſſed 
over a /andy point 28% les from the cape > Required the diltance between 


In the ENE. Z E. rhumb, take Ba=17z miles (=3* x5) for the 
tide's drift. On A with 284 miles cut the SF. b. S. rhumb in c the 
ſandy point; through a and c draw lines parallel to nc, As, and their 


The ſhip's courſe along ac is S. 56* 41” W. 


— 


2 — —_ 


| QuesT1on VIII. A fhip running ſouth at the rate of five miles an hour, 
in ten houts croſſes a current, which all that time was ſetting eaſt at the rate 
of three miles an hour: Required the ſhip"s true courſe and diſtance ſailed. 


ne} 


— 


Here the ſhip is firſt ſuppoſed to be at a, her imaginary courſe is along 
parallelogram, the known ſides of which are AB 50 miles (=10X5), 


| Awswer. The courſe is S. 30? 58/ E. diſtance 58,31 miles. 


2 


„% 


Oprsriox IX. Suppoſe that in 24 hours a ſhip ſails NE. 100 miles by 
the bg, in a current ſetting E. b. S. 13 miles an hour : What is the cowſe 
and diſtance made good? yy I 


Draw as NE. and equal to 100 miles, through B draw BC parallel to 
the E. b. S. rhumb, and make it 42 miles (14x24) ; then draw 4c 


which ſhews the true run of the ſhip from A. 


Here are given two ſides, AB, Bc, and L. Br II points. 
' ANSWER. The courſe is N. 60* 49/ E. diſtance 128,2 miles. 


+. Qs rio 
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$T10N X. A ſhip departs her part at 8 o'clock in the evening, 
nd before the hl then at As. £% rate of 34 knots an hour, 
in 4 tide which runs at —_— rate toward the eaſiward ; and next day at 
non ſhe found herſelf 84 miles from her port: Required the ſhip's true courſe, _ 
and the ſetting of the tide. 8 


la the NV. rhumb take 8a=56 miles (31 * 16 h.); en A, with 
84 miles, cut an arc deſcribed from ; with 56 miles, their interſection c 
is the place the ſhip is come to, a being the port ſailed from, an the ima- 
ginary run before the wind, Bc the drift of the current, and Ac the real 
un of the ſhip. : | | i 
"Be BA=BC, and the ſolution is as in Article 63- Book III. 7 


„ The ſhip's true courſe is 8. 63 5 E. 
ABER. 1 The ſetting of the current is N. 74” 400 E. 


0 — 
„ 2 " . 


9 „—— —„—- 2 — * * a »„— —— . 


vVESTION XI. A ſhip departs in the evening for an iſland, 46 miles to 
the NSM. but by a flrong tide running to the ſouthward, ſhe found herſelf 
next morning on a ſhoal 65 miles from her departed port, amd 34 miles from 
the iſland : Required the bearing of her port, and the ſetting of the tide. 


| Here A is the port failed from, B; the iſland bound to, c the ſhoal come 
to; the conſtruction is as in the laſt, and the ſolution as in Art. 62. III. 


The port bears N. 37* 37” E. 


Axowan. | The current ſets 8. 4 46' E. 


8 i — 


* | Mg — — — — — 


- QuesT10n XII. A ſhip, in latitude 41* 18, is bound to 4 port in lati- 
tude 46? 30 N. lying 258 miles to the weſt ; where bein arrived, ſhe finds | 
by her dead reckoning that ſbe has made 384 miles of northing, and 206 miles 
of weſting : Required the ſetting and drift of the current that occaſioned this 


difference. 


Here, by the dead reckoning, the ſhip ſhould have gone from a to 3; 
but ſhe being arrived at the port c, che drift of the current will be repre- 
ſented by the line qc, and its ſetting by the angle F8c in the right angled 
triangle nyc; the legs of which, BF, Fc, being the differences between 
the real and imaginary differences of latitude and departures. 

For, the current ſetting ſouthward, will cauſe the ſhip to be longer in 

getting to the northward, and increaſe her account of northing ; and by 
ts ſetting weſtward, it will quicken the ſhip's motion that way more than 


Anzwen. The currents courſe is S. 35* 50' W. and drift 88,82 m. 


E4 ' QuzsT10N 
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QuvesTIon XIII. A fhip from a place in latitude 37* 4& N, ſails $ 957 
diſtance 48 miles in 10 hours; then ESE. 72 miles in 14 hours; and |, 
all the time been in a current ſetting SS. 1% mile an hour : Require} th 
| ſhip's preſent latitude and departure, together with the direct courſe and bi 
tance 1 has ſailed. 
— current has run 1} mile an hour for 24 hours, its whole driſt i, 
O miles. | | | | 
Ihe beſt way of ſolving this queſtion is to conſider the current as ang. 
ther courſe and diſtance, and then with the three courſes and diſtance; 
form a traverſe table, as ſhewn in Article 36. | 


| TRAVERSE TABLE. E 


2 


| Courſes. b. N. |S. E. W. The fouthing and eaſting which 
We 1 ORD che ſhiphas made. being thus known, 


— 4 - | 27866 ; 19:4] the direct courſe and diſtance will 
SSW. 30 33.3 ; 12,8 be found as in Art. 33. 


1123 Here the ſhip departs from 4, 


— — 6 — — — — — — 


13 14 105, 2 66, 32, 2 and is come to C; AB being the 
| l | | — diff. lat. and BC the departure. 
| 


—ů— 


| | 343] 
Avus be preſent latitude is 35* 55' N. departure 34, 3 miles. 

| Axswen, | Dire courſe is 8. 183 E. diſtance 110,7 — 4 

|  Quesr1on XIV. Yeſterday noon we were in latitude 28 14 N. and 

baue ſailed till this day noon the follmuing courſes, viz. SSE. 4 E. 24 miles; 

NE. b. E. Z E. Is miles; ESE. I E. 45 miles; and all this time were in 

4 current, ſetting S. b. W. 11 miles an hour : Required the ſhip's preſent 

latitude, departure, direct courſe, and diſtance. SO 


TRAvERSE T ABLE. 


— 


| Courſes. D. N. s. | E. W. 


Here the current being conſidered 


88 E. E. 24 121720113 as a courſe, the traverſe table gives 
NE. b. E. E. 15 7,1 | 13, 1 the diff. lat. 27055 miles. | : 
ESE. 1 E. 45 15,2 42, And the departure g 58, 7 miles. 


. 39 47 E. and the diſtance is 971 
| Dl 77»0| 66,9] 8,2] mules. = 28h; 1 8 


| 


| 
| 
8. b. W. . 42 41,2 | 8,2] And hence the direct courſe is 8. 
ö 
| 


1 e Pen 


* 
6 | 
D. lat. 205 58,7]Dep.| 


1 any queſtion, where there are given one or more courſes and diſ- 
tances failed, and alſo the ſetting and drift of the current, the work may 
be performed as above. eee | 

The reaſon of this is pretty evident; for as each courſe and diſtance is 
affected by the current, therefore inſtead of correcting them one by one, 
as ſhewn in moſt of the preceding queſtions, they may be all allowed for 
together, by making a courſe and diſtance of the ſetting and drift of the 
Furrent. | ö 


4 FR. | QuesTION 


* 
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QuesTION XV. * eight o'clock in the evening, a ſhip ſailed from her 
rt en 4 SSM. courſe, four miles an hour; a jlrong tide was then ſetting 
Coma the & 3.54 l ; and at fix o'clock in the morning ſbe paſſed by a rack 
o miles to the weſtward, and 60 miles to the ſouthward of ber pert 
2 od the ſetting and drift per hour of the tide, 


With 60 miles as a diff. lat. and 79 miles as, a departure, find the 
place of the rock at e; A being the place failed from; in the SS. 
thumb take AB==49 (AX 10); draw BC, AC : then AB is the ſuppoſed 
run, Ac the real run, and Bc the drift of the tide. 

In the A ADC, is given AD, DC, £D; to find the £ a and Ac 292, 2. 
Inthe A ABC, IS known AC, AB, LCAB; to find 2. c and BC=59, 37. 


AnsweR, The tide ſet S. 67 og! W. and ran 5,937 miles an hour. 


* — — 
: * 


—_— 8 


QuesTION XVI. At fix o'clock in the forenvon a ſhip weathered a cape 
in latitude 46* 32' N.; and having run SE. b. . 24 miles ly the log in a 
current, found herſe 175 at noon in latitude 46 17 NM. and the cape bore 
VII., Required the ſetting and drift of the current. 


Make ap=the diff. Iat.; draw the departure pc, meeting the ESE. 
thumb in c 3 draw AB, SE. ö. S. and equal to 24 miles, and join Bc. 
Then à is the cape, c the place come to, AB the ſuppoſed run, Bc the 
drift of the current, and Ac the real run. 
In the A ADC, there is given ap and the angles ; to find Ac g 39,2. . 
In the A ABC, there 1 is known AB, AC, 4 BAC; to find the angles, and 

Ic 223,41 m. 
Then drawing the rhumb A n parallel to Bc, it ſhews the .. of the 


current. 
Axsw ER. The current ſets N. 77 47 E. and r runs 3,9 miles an hour. 


” * 


— .— . — A * 2 4 — 
. 1 ag p " - 6 4 L J 


© 8 


n XVII. A fp being baund from Dover to Calais, which lies 
21 miles to the SE. B. E. 4 oe 2 ; 2 the tide of flood ſetting NE. 3 E., 2% 
miles an hour : Required the courſe ſhe muſt ſleer, and the diſtance ſhe muſt 
run by the log, at the rate of fix miles an hour, to reach her port. a 


[n the poſition of the SE.b. E. f E. rhumb draw dc=21 miles; 3 and 
parallel to the ME. Z E. rhumb rw DE=2Z miles; on E, with fix 
— cut DC in F3 > DB parallel to EF, meeting CB, drawn parallel 5 
0 DE. 

Then p is - Ss c Calais; ; and the ſhip, by trying to ſail along the 
— DB, will be driven between i it and the direCtion of the « current in the 


me De. 


1 The ſhip muſt fail 8. 39 14 E. and will run by the log 


QuesT10N 
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| QuesT10N XVIII. Yeſterday noon we were in latitude 42" 20/ N 
this day at noon find ourſelves in latitude. 41* 10' N.; by our account u. ge. 
failed SW. b. S. 189 miles, and ail the time have been in a current fan. 


NIV. : Required the ſbip's direct courſe and diſtance, with the current's gr 
per hour. | 


Take an=70 miles, the diff. lat.; draw A parallel to @ u, the gy 
B. S. rhumb, and equal to 189 miles; through n draw nc parallel to th 
NIV. rhumb a a, meeting the departure pc, and join Ac. 

Then the ſhip from A ſuppoſes herſelf failing along AB; but by the 
action of the current is driven along Ac. 5 
: In the A ADB, there is given AD, AB, £4 BAD: Required the angles ny 
DB=130,4. 5 . 
In the A DpBc, there is known DB and the angles; to find Dc=1q 
-and BC 121. — : e 
In the A Ape, there is known AD, DC, CL ADC ; to find the angles aut 


ANSWER. 


The courſe is S. 69* 58' W. diſtance 204,4 miles. 
The currents drift per hour is 5, 13 miles. 


2 


— a * 


. 


Qs rio XIX. There are two ports which lie 270 miles to the ninth 
and ſouth of one another; a ſhip ſails from the northern port, with her ſtar. 
board tacks aboard, within 72 degrees of the wind, then at S., at the rate if 
four miles an hour, in à current that ſets | apap. two miles an hour : Required 
Her courſe and diſtance on each of two tacks to reach the ſouthern port. 


Draw the line ap through x, the center of the horizon, S. 72 E. and 
from any point, A, in that line, draw As, due ſouth, and =270 miles; 
through B draw Bp parallel to F n, a rhumb 72* from the wind; then if 
there were no current, the ſhip muſt have failed from A to non the ſtar- 
board, and from p to B; on the larbeard tacks : but to allow for the cur- 
rent, take F a=2 miles, draw ac, a c, parallel to D, Fu, and make 40 
ac, each 4 miles; draw the diagonals Fc, F c, of thoſe parallelo- 
.grams ; then through A and B, lines drawn parallel to F c, Fe, meeting 
in c, will ſhew the run of the ſhip on each tack. | 
Here the triangles F ac, Fa c, being congruous by conſtruction, there» 
fore the CAB (LA e] is equal to C cBa (aF c 8 
Now in the triangle @F c, there is given @ r, ac, and Fe Loh; 
from whence the other angles are known; viz. Larc=49* 37. Ant 
in the triangle AaBc there are known the fide an, and all the angles 
whence the ſides Ac and cB are eaſily found, x 


3 The courſe on ſtarb. is S. 49 37 E. Anas 208 4 miles. 
ANSWER. 3 The courſe on Jarb. is S. — 37/ W. diſtance 208,4 miles 


Qursru 
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ſim fei, 
and 5, draw the lines AD, 


ich the drift of the current 
1 taken in rhumbs A % A % 0; 
he parallelograms, the diagonals of which 
ſhip will move in, with the compound 
- '; run. ; 
hips i c and nc; drawn parallel 
on the ttarboard and larboard tacks. 
In the A Aad 
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51. Collection of Practical Queſtions, 
The figures belonging to the queſtions in this ſection are in 
and 2 — the — ihe alle. 2 ny 
 QuesTion I. A ſhip in latitude 47*. 30. M. and bound to a port in lat 
tude 42 O N. and 120 miles to the weſt, propuſes-to reach her port by run. 
ning equal diſtances on each tack, the firſt to be on the meridian : Wh * p 
the courſe be on the ſacond tack, and how far on each? 1 
Sorbriox. With the given difference of latitude=330, and the de 
parture=120, conſtruct the triangle ac; from E, the middle of ac 
draw ED at right angles to ac: then drawing Dc, the lines ap, pe, wij 
be the diſtances the ſhip muſt cun on each tack. 
For ADC is by conſtruction an iſoſceles triangle. (II. 93) 
In the triangle. aBc, find the angle A (III 46)=19 59'=2 ac; 
the L Acp r £CADZAEDC=39* 58', the ſecond. courſe, in the SW. 


quarter. % 


In the triangle cab, find (III. 45) De=186,8. I, 
AxswER. The firſt courſe is S., the 2d S. 30 58 W.; and the dil. 
. tance on each tack 186, 8 miles. . 


QuesT1oN II. A fbip having ſailed NE. b. E. from a in latitudz 
42 18' M, met a flooþ which had ſailed from a port in the ſame latitude, 
lying 92 miles to the eaſt of the ſbip's part : the ſum of their diſtances made 159 
miles: Required their reſpectiue courſes and diflanees. 
SOLUTION. In an eaſt and weft, line take Ba =92 m., from B draw on 
the NE. ö. E. rhumb 8c=150m. join ca; then ep, drawn at right 
angles to CA, from E, the middle, gives p, fo that oA D. (LI. 93) 
Is the triangle ABC, find (III. 48) the 4 Bac=114* 27', and Cacn 
Then £4 BAc—4 CcaD=4Bap=82* 40'; hence 4 BDa=63* 35% 
In the triangle BaD, find (III. 45) BDE 101, 9 m., and ap=57,7 m. 
ANSWER. The ſhip failed NE. b. N. 101, miles, and the floop 
| failed N. 7 20', W. 57,7 miles. « | 


————— 


© QuesT1on III. Two ſhips A, B, ſail from one road, their courſes making 
an angle of 50 oo; A ſails between the S. and MW. 40 leagues, B ſailing 
| between the $. and E. 50 leagues, has got 15 leagues to the ſouthward of A ; 
Required the courſe of each ſhip, alſo the bearing, diſtance, and departure 
from A to B. | N 
4 SoLuTION, With the given ſides and included C. A, conſtruct tie 
triangle acB: On A, with 15 leagues, deſcribe an arc at D, and from E, 
the middle of AB, with the radius EA, cut the former are in D (II. 1313) 
draw the given diff. lat, Ap, and the required departure pz: then © 
the port failed from, A one ſhip's place, B the other's. . 
In the triangle Ack, find (III. 48) the 4 can=78* 24, and ch 
251 36/0; the ſide As will be found 39,1 leagnes. In the triangle ab 
where AB, AD, are known, find C DBA=22® 34/, DAR 67, 20 
BD= 36, 1. | | 
AxswER. A's courſe is 8. 34 100 W. B's is S. 15 50' E.; v bean 
from A S. 67 26' E, departure Bo is 36,1 m. the diſt. 4 
is 39,1 miles. | e 
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orsriox IV. From two ports, bearing NV. b. N. and SE. ö. S. two 
ys ſail, the ane NE. the other M. b. E.; they meet, and find that the ſum 
15 Air diftances added to the diſtance of the ports made 148 miles: Required 
e 6Lance of the ports, and the run of each Ih. be; 
LUTION. Make a triangle aps equiangular to the triangle required, 
in which one fide, as AD, ſhall be of any affigned length, as 30; and by 
| Art. 40. Book III. find DE=41,61; a8=23,57; and the ſum of the 
three ſides of the triangle ADE will be 95,18 : then fay, 
As 95,18 : 148 :: apr=30 : Ac=46,65. 
And as 95,18 : 148 :: DE=41,61 : cB=64,70. 
Then the other fide à will be 36,25 miles. 3 
The diſtance of the ports is 36, 25 miles. 
ANSWER-7 One ſhip's run is 45,65 miles, the other's 64,7 miles. 


—_ 


QuesTION V. Two ſhips meet at fea, bound to two ports diſtant from one 
another 12 miles : Now if one ſails NM. b. N. fix miles an hour, and the 
other NE. eight miles an hour, they will arrive at their reſpective ports at the 
ſame time: Required the diſlance each ſhip! muſt run, and the bearing of thoſe 
pirts from one another. 5 : | * 
Sor uriox. With the courſes and rates of failing make the triangle 
| ADE, A repreſenting the place of meeting; parallel to DE draw a 
12 miles; through & draw GC parallel to An, meeting AE produced in c; 
through c draw CB parallel to aG, meeting An produced in B; then B 
and c are the ports. For aB: Ac :: 6:8; and BC=I2=AG, BG being 

a parallelogram. 1 
In the triangle A DE, knowing AD, AE, and Z. a, find £D=60? 30%, 
LE=40* 45”, and DE=ZQ,ol5 miles; then DE : BC: : AE : Ac 
10,65; : : AD ; AB=7,988. Pf 5 | 
AuswrR. J One runs NE. 10,65m; the other NW. b. N. 7,988 m. 
Nc bears from B, N. 85 45 E. 25 


n 
2 
OT I ICT 


Qurs Io VI. A fleet of ſhips fleering 8 W. b. S. four miles an hour, 
en ſeeing a fail, ; detached a cruiſer, which gave chaſe SE. five hours at the 
"49 of ſeven miles an hour, comes up with, and takes the chace. After an 
auf's time ſpent in adjuſting matters on board the prize, ſhe fleers for the 
feet, which flill kept on the ſame courſe and rate : Required the courſe the 
+ ang Hape, and the diſtance ſhe muſt run at ſeven miles an hour, to 

— 
d ru rton. Let c be the firſt place of the fleet, draw cp, SW. b. S. 
an; de, T8. 3 make cB=35 (=7 x5), ca (=4x 6), and draw 
4 en B is the place where the cruiſer took the chace, and A the place 
wang the fleet was when ſhe left the chace: make ar=4, 'FE=7, 
fleet, Parallel to Fs, and p is the place where the cruiſer joined the 


In the triangl | Dat = . 8 
wn gle Acs, find C caB=67 25/, and 4CcBA=37* 49, and 
fng 3089 „Then (II. 91) Trag 11067 35. In the triangle AE, 
In the 32 44 and £F=32* ar. * 
5 Triangle aps, fimiiar to Ar E, find 3p 63,58 miles. | 
VER. The cruifer muſt ſteer 8. 66* 26 W. and run 63,58 miles. 
IE 83838 5 QUESTION 


NE. b. M. courſe, fhe goes from B to A in tbree days, a current ſat; 
way between the ports eaſt, half a mile an hour : Required her dead 


- SIF. b. S. rhumb, cutting the former in E: Through p, E, draw paralleg 


count, and the courſe ſhaped is along as, the ſhip muſt run between a; 
courſe ſhaped is along BD, the ſhip muſt run between Bc and BD. Bu 
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1 Book vn. 
E10 VII. 4 hip, ſai An. 1 55 
A ke pro in fox 2 B abe at the 7 46 40 try Lay 


Je ng all th 
outward and homeward, alſo the bearing and diſtance of a from z, 


SOLUTION. In the nine days outward and homeward-bound, the cu: 
rent runs at ; mile an hour, 108 miles eaſt, that is 72 m. for outward, 
and 36 homeward. In an eaſt and weſt line take av=236, Dd=12; 
through A draw a SN. thumb, and through 4 draw a NE. }. N. wal 
to d E, d a, cutting in B; join AB, and draw BF parallel to EA, meetino 
d A produced in F; then A and B repreſent the two ports, AE the out. 
ward dead reckoning, BD the homeward, and AB the true diſtance, 
For if Ar BE DA 72 is the drift of the current in the outward :c. 


and Ak. Alſo if cg AD g 36 is the current's drift homeward, and th: 


AB is the only common diagonal to the parellelograms FE and pc; con- 
ſequently A and B are the ports. By 
In the triangle ads, find (III. 45) AE g 161, 65 and ed=Bp=72,39m, 
In the triangle aps, find (III. 48) CDA 30 39), and DBA 
30. Alſo (III. 45) find AB 99, 04. | 
nn The dead reckoning outw. = 161, 6 m. home w. 74, 30 m. 
I ( The true courſe is S. 21? 217 W. diſtance 99,04 miles. 


QuesT1ON VIII. 4 fhip, after doubling @ cape and failing NE. b. X 


45 miles, receives in the night conſiderable damage from a ſtorm; ſhe then bore 


275 direcily toward a lighthouſe lyins 24 miles to the NIW. of the cape, and 


having run 40 miles, and the day breaking, ſbe diſcovers a port 42 miles ta the 


north of the cape : What was ber courſe and diſtance to that port? 


SoLuTIon. Draw An, NE. b. M. 45 m.; as, NM. 42 m.; ac, MV. 


24 miles; join Dc, make DE=40 m. and draw AE, EB; then A ls the 


C c the lighthouſe, and B the port. 9 
% the na hl CAD, with the — lides and included angle 4, find 
the C O 557, LD = 30 16%, and the fide cyv=46,69 miles. d 
In the triangle ape, with the given ſides and included angle p, fin 
the £D8a=87* o®#, 4 Dat=62* 36, and AE = 22, 1 miles. 
In the triangle BAE, with the known ſides AB, AE, and included £545 
find A BEA=124" 47", 4 B=26* 22), and EB=24,67 miles. | 
The courſe from E to B is N. 26* 227 E. 
ANSWER. | And the diſtance E B is 24,67 miles. 
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QussTION IX. A ſhip running at the rate of 45 miles an hour, with the 
„ then at E. b. N., blowing two prints abaft the beam; at five in the 
wu! us. being two leagues to the I. b. S. of a headiand, ſbe met the tide of 
5% ſting M. at the rate of 14 miles an hour, and at nine that evening, a 
fuſe which lay to the NNE. 2 E. of the headland, bore ENE. 1 E. 
Required the ſhip's courſe and her diſtance from the lighthouſe. 


$0,UTION. From five to nine is four hours, in which time the ſhip 


ns 18 
* points from the wind, is N. b. N. 


' Suppoſe the ſhip at A; then in the E. ö. NM rhumb take AE =6, and 

x is the heailand 3 in the N. b. N. take aB=18 ; through B draw uc 
paralle] to the SSM. rhumb, and equal to 7, join ca, ce; through E 
jaw a NNE. Z E. rhumb, meeting in Dp, an ENE. + E. rhumb, drawn 


from c. Then c is the place which the ſhip arrives at, Ac is her real 


run, and D the place of the lighthouſe. _ / | 
In the triangle ABC, where two ſides As, Bc, and the included Z 8, 
are known; find £Bca=101 IQ, ZBAC=22? 25, and the fide Ac 
15520 miles. | . 5 | 
in the triangle AE, where there are known aE=6, ac=15, 


26, 
| LcaE=134* 55 3 find C AkC 32 47% LACE=12* IF), and the fide 


ce=19,94 miles. 
In the triangle ED, where there are known cE=19,94m. £D=47®* 
40% £LDCE=235* 30% and £ DtEc=96* 35'; the fide ED will be found 
15.67 miles, and the fide cDH=26,74 miles. 5 17 85 
ANSWER, The ſhip's true courſe is N. 56 1of W.; dift. from the 
lighthouſe 26,74 miles. 


—— — — — 


* 
— — q — 


QuesTION X. Tuo ſhips departed from a port at the ſame time, and after 
me had ſailed SE. b. E. 40 miles, and the other S. 50 miles, they were 
eualy diſtant from a rock which lies direfly ſouth of their port: Required 
tbe bearing and diflance of each from the rack. e 


SOLUTION. From a, the port, draw AB S. 50 miles, ac SE. b. E. | 


40 miles, join Bc, and from r, the middle, draw FD at right angles to 
ic, meeting the meridian in D, the piace of the rock, and join DB, Dc, 
which are equal by Article 103, Book II. e 5 

In the triangle Bac, where there are known AB 50, Ac 40, £ BAC 


=101" 15“; find 4 ACB=44* 35, 4 ABC=34* 10, and cg 69, 86 


miles, 


In the triangle axc, where there are known ac=40, £Eac=56® 


15 LACE=44* 35/, LAEC=79? Io ; find EC=33,80 miles. 
en CF=(E BC)—EC =FE=1,07. Nh 

In the right angled trian 

2 Io”; find the 25 DF 5, 591. | 
n the right angled triangle bre, where Dr 5,501, Fc 3493; find 
<FDc=8o 54%, and Dc=35,38 miles. i 

Ausz. TE ſhip at Bis 35,38 m. to the S. 88? 16/ W. of the rock. 
The ſhip at c is 35,38 m. to the N. 70* 04” E. of the rock. 


_— QUESTION 


miles, and the tide ſeven miles; alſo two points abaft the beam, 


le FED, where are known FE=1,07, and 
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=71 
2); through a, draw AB, AB, parallel to the E. b. M. and 54.7 


find the 2 52/, CCcAD g 170870, and aD=12 miles. 


if ! 


 £ aBD=7J' © 
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QuesTION XI. Sailing E. b. S. 7% knots an hour, we ſaw two i 


| one bearing SE. b. S. the other E. b. N.; the tide was then runn; and 


Y 
b. W. 21 miles an hour : two hours after, the firſt :ifland bore IV. N 
the other N. V. b. N. : Required the ſpip's courſe and diſtance, ngetber u ih 
the bearing and diſtance of thoſe iſlands from ane another. 


SOLUTION. In an E. ö. S. rhumb, take Ac= 15 miles, 


thumbs; draw co S. b. N. and equal to five miles, which the tide 
runs in two hours; through p, lines being drawn parallel to the NM. 
N. and VV. b. S. rhumbs, their interſections with AB, Ak, will vive 8 
the place of the ſouthern iſland, and B, the place of the northern one; 
join AD, BE. „„ | 5 ; 

In the triangle ADC, where Ac 15, DC=5,, and LAD=4,oy; 


Now as ED is parallel to AB, and BD parallel to Ak, therefore ar is 


a parallelogram; and ſo AB=ED, AE=BD. 


In the triangle AED, where 4B=12 miles, 4 AED=112* 30, CAR 
=27" 52% and ADE Zz 38'; find at=8,286 miles, and ED: 
6,052 miles. . VVV | | 0 1 OY 

In the triangle aBz, where AR 8, 286 miles, AB 6,2 miles, and 
£EABZ=O67" 30“; find C ABE HO 15“, the £ AEB=43J* 15 and the 
— TT 5" 1 


i The ſhip's courſe was S8. 61* 37/ E. diſtance 12 miles. 
ANSWER, 1 The N. iſle bore from the 8. ile, N. 9 30“ E. diſt. 8,186m, 


„ 


— 


; QuesTION XII. Coming out of a port, into which the tide of flood was 
then ſetting, I ſaw two headlands,..the northern one, which bore ENE. ; E. 


was known to be 15 miles to the NNE. + E. of the other, which then bore 


S. b. E. e after running E. b. S. 4 E. 24 miles by the lag, the northern head- 


land bore NIW. and the other W. b. S. Required the ſetting and drift ile 


tide. | 1 4 # * 


SoLUTION. In a NNE. Z E. rhumb take ABZ 15 miles; through 4 
draw Ac N,b. W. and ap E. 5. V.; alſo through B draw Bc WSIF. 
2 V. and Bp SE.; then c, the interſection of ac, Bc, is the ſhip's place 
at firſt, and D, the meetin of BD and ab, is the ſhip's place at laſt: 
from c draw an E. b. S. 4 E rhumb cg 24 miles, and join Ep. I 

In the triangle azc, where a8=15 miles, £ AcB=95? 387, and the 
£ CBA=45? oo; find ac=10,66 miles. 

In the triangle aBD, where aB=15 miles, LApRZ 56150 and the 
7 find AD g 1, 26 miles. : ; 
I n the right angled triangle cap, where Ac g 10, 66, and AD=Z=17)205 
find Zacyv=58* 19, Lapc=31 41, and cH=20,29m- 3 

In the triangle cDe, where cCE=24, CD=20,29, and 4 DCE=14 49; 
find C cED S 52 42, and DE=6,522 miles. 


ANSWER. The tide ſet S. 425 55 ww. and its drift is 6,522 miles- 
| | Qs 


Jursriox XIII. 4 Hip running five knots an hour, diſcovers Scilly 
| — ME. b. N. diſtant fix leagues, the flood tide being juſt made, 
— ſetting ENE. two miles an hour : Required what courſe ſhe muſt ſleer, 


ind how far by the log, to bring herſelf E to the ſauth of the Lizard, 
F Scilly. 


which lies 11 leagues to the E. b. N. 2 

SoLuTION. Draw 8L E. b. N E. 33 miles, Le S. 15 miles, and 
«a SIP. b. S. 18 miles; join sE, AR: Draw AB ENE. two miles, and 
on B with B25 miles cut AE in c, join BC; draw AD parallel to Bc g 
and ED parallel to Az; then A repreſents the ſhip's place at firſt, 3 
Scilly, L the Lizard, E the ſhip's place at laſt, and Ap the rhumb and 
diſtance ſhe muſt fail. 1 5 

In the triangle SLE, where $8L=33 miles, LE=15, and the Z.SLE 
284 22'; find TES geb 18', LLsE=25* 20, and $E=34,89gm. 

In the triangle As E, where As 18, sE=34,89, and the Z asE= 
104* 02/; find £SAE=51? 59% LSEA=2J" 50/5, and AB 42, 96 m. 

In the triangle ABC, where AB=2, Bc 5, and £BAC=18? 14“; find 
ir | . f 

Now in the triangle Ax, ſimilar to the triangle Arc, are known 
AE=42,96 miles, £ZDAE=7" IT', £ AED=18* 14% and the = 
154 35” 3 hence the fide AD will be found = 31,32 miles. | 


Answer, The ſhip muſt fail S. 87 os” E. diſtance 31,32 miles. 


* — ___ L : — 1 ä n *— * 
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QuesT10N XIV. At fix vclack in the evening a privateer ſaw a ſhip di- 
reitly to windward bearing NE. about three leagues diſtant, they were both 
cloſe hauled, on their flarboard tacks ; the privateer having ſailed 18 miles, 
at nine o'clock the ſhip bore E. b. NV. + E. Now the privateer finding he 
git a-head, would ſpeak with the ſhip at two o'clock in the morning: Re- 
quired at what rate the privateer muſt ſail, and at what time tack about, 
iceping ſix points from the wind, ſuppoſing the ether ſhip aces not alter her 
courſe and rate of ſailing. | e 


SOLUTION. Six points from the wind at ME. on ſtarboard tacks is 
„; then in a line AF parallel to a VVV. rhumb take ac=18 m. 
draw ar NE. in which take aB=9 ; alſo B6=3, G1=5, repreſenting 
the times between fix and ning and nine and two o'clock; draw BE 
parallel to AF, and through c draw an E. b. N. J E. rhumb cp; join 
DG, draw 18 parallel to DG; through E draw EF fix points from the 
wind, and join EC, CB: then the privateer tacking at F, will meet the 
ip at E. | | | 2 
» the triangle ABC, find Z. aBc=82* 46/, 4 acB=29® 44, and 
In the triangle cn, find BD=12,04, and pc =8,689. 
hen : G:: BD: DF=20,07 miles, the ſhip ſails from nine to two. 
In the triangle cpr, find £c=81* 3r, AE=25* 21, and Ec 
19,42 miles. | | | 
In the triangle CEF; find EE=11,76, and FC=25,87 miles. 
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Now FE+FC=37,63m. which run in five hours, is 7,12 m. 
And Fc at 7,12 m. per hour gives 3 h. 37 m. 48 f. b — 
A 89 1 u 2 * 5 


— 


LA 


— 


 QuesTiIon XV. To ſbips fleering between the S. and W. parted am 
pany in latitude 20 15 N. one going 2 + points more weſterly than the other. 
next day at neon they arrived at two ports in latitude 10 1600 N. and diftan 
45 miles: Required the courſe and diſtance which each ſhip ſailed after they 


| parted. 


SOLUTION. In an eaſt and weſt line take cB=45 miles; on cy de. 
ſcribe (II. 89) the ſegment cBa of a circle that ſhall contain an angle 
equal to 30* 56'/=2 + points; in the meridian take BH 59 miles, the 
diff. lat.; through. H draw HA parallel to cg, meeting the circle cha in 
A draw AF parallel to HB, meeting cs produced in F, join An, Ac, and 
from E, the center of the circle CBa, draw EA, EB; EG parallel to cy, 
and ED parallel to BH. —_ 

In the right angled triangle END, where 4 DEB= (4. caB=) 30* 5, 
and DB=22,5 miles; find ED=FG=37,54, and EBB=E A=4%77 m. 

In the right angled triangle ABG; find 4 AEG=29* 22/, and EG=38,15, 

In the right angled triangle Arß, where Ar 59 miles, BD (= 
EG)—DB=15,05 ; find A BAF=14* 51, and AB 61, o6 miles. 
| In the right angled triangle arc, where AF=59, cF=cB+Br=60,65; 
miles, and ZCAF=45? 49”; find ac=84,62 miles. 

Ads ſ The courſe of one ſhip is S. 14* 51 W. diſt. 61,06 m. 

The courſe of the other is S. 45 477 W. diſt. 84,62 m. 
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QuesTIion XVI. Two fhips, A and n, both going at the rate of fix fut 
an hour, parted company in the latitude of 45* N. a fteering in the NE. and 
B in the NIF. quarter; next day at noon they both arrived at their ports, A 
in lat. 45* 58 NV. B in lat. 45" 36“ N. and the ſum of their departures wa 
64 miles : At what hour did they part, and what was the courſe and diſtance 
each ſbip had failed? WL 


Sotuviox. Make the departures 64 miles, the diff. lat. FB=5% 
and GC=36 miles; draw BC, and from k, the middle of mc, draw KE at 
right angles to BC, meeting FG in A, and BF produced in E; join AC, 45 

then draw AH parallel to FB; and CD, B, parallel to FG, meeting AH in 
1 and H. | - 9 

In the right angled triangle noc, where pc=264, Dgg 22; find 
£ pac=71* c, £DcB=18* 58', and Bc=67,69 miles: Hence B&— 
KC = 3J,04- | ed = 
In the right angled triangle xx x, where 4 £=18* 58, KBE=71 © 
and K B 33,04 miles; fd 122 1041: Hence BE—RF=7E=40 


ſn 
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In the right angled triangle ET A, find FA=15,84 miles: Hence as 
— 48,16. | | 
* right angled triangle arc, where ai={Gc=) 36, 1048, 15; 
aud ZIA 53 13, and AC=60,13 miles. 

ln the right angled triangle ane, find ABAH=15* 17 „ 
Now AC or AB=60,13 divided by 6 gives 10,02 hours 10 h. I m. 
12. „ | 


Avcwen, ſ The ſhips parted at 1 h. 58 m. 48 f. in the morning. 


A's courſe is N. 15 17 W. 8's is N. 53 13 E.; ditt. 
run by cach is 60, 1, miles. 


* n VC "OE 


QT 


QuesTIon XVII. Paſſing by a rock which lies off the mouth of a har- 
bur, the breadth of which is 12 miles, the weſtern paint bore NNIW, and 
i nine miles diſtant from the town; the eaſtern point bore NE. b. NM. and is 
ſix miles from the town : Required the diftance of the rock from the weſtern 
and eaſtern points, and alſo from the town, which bore N. b. E. 


SoLuTION. With the three given ſides, 12, , 6, having conſtructed 
a triangle where A and c are the weſtern and eaſtern points of the har- 
| bour's mouth, and B the town ; make the Z/ AcD=23 points, = 4. between 
the bearings of A and ; alſo make the £caD=2 points g between 
the bearings of c and B; through anc deſeribe a circle, and through n 
and n draw the right line Br, meeting the circumference of the circle 
again in F, the place of the rock. : "4 
For the C AFD Sg CL ACD=3 pts.; and .CFD= 4. CAD=2pts.(Il.129) 
In the triangle ABc, find 4 BAc=28* 57', the 4 BCa=46* 327, and 
the LaBc1=104? 300. „ 72 95 
In the triangle Acp, where L AbSggI23˙ 45% 4 Dca=3 points, 
£DAC=2 points; find Da=8,018 miles. RR . 
In the triangle ADB, where a8=9, AD=8,018, and LRA DR gG“ 270; 
fad the L ABD A1 og: : Hence 4 cpp=67 247. 5 
In the triangle AB, find Ar = 10,65 miles, and FE=r 5564 miles. 
In the triangle Fac, find FC=14,02 miles. F 


ANSWER, rA 10,65, FB=15,64, FC=14,02 miles. 


2 — 
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QesTION XVIII. A night, having caft anchor among a cluſter of iſlands, 
I bſerved three lighthouſes, 1 n C3 Tx NNE. B 4 SSI 4 5 ; a 
© bore weſt ; the diflance from A to B is 94 miles, from B to c 78 miles, aud 
Jrom a te C is 59 miles: Required my diſtance from each lighthouſe. 
4 S9LUTION. Let auc be the triangle formed by the diſtances of the 
ee lighthouſes on CB, CA, deſcribe (II. 89) ſegments of 'circles that 
Fe tan the angles included between the bearings of C and n, and 
N 2 A; and the interſection Þ of theſe circles, is the point where 
© "UP Caſt anchor: through the centers n, k, draw ax, 30, at right 
| to CB, CA, meeting the circumferences of the circles in E and a; 
can EB, Ec; HB, HC; GC, oA; KC, KA; and join KH cutting 


= Re Now 


£cBA=38*44', and the Z Acßgg85 28/. 


find cx 31,93 miles. 


miles. | 


=30* 09; ind ps=61,03 miles. 


ſome time after the privateer bore away NE. b. M. and two hours after, bt 


All the time had run two miles an hour : Required the ſetting of the tide, the 


of the two ſhips, F being the place of the privateer,, when ſhe was ſcwen 


1 314 —565 1503 find BDS 138 O 40, 4 Dsc=ed0" 04% 40 
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Now becauſe cp is a chord commbn to both circles, therefore 
ſects it in m alſo, becauſe cp and 2 cEm together are 
by half the circle (II. 128); therefore . cxB=180*%—L eng; and for 
the ſame reaſon, the / c6a=180%—Z2_cpDa ; therefore the angles cg 
CGA, are known; and (II. 127) fo are their equals Cenagbl 525 

be: 27 


HK di. 
meaſureg 


 CKb=67* 30/, 


In the triangle can, from the given ſides find 2 cagns;: 48 


In the right angled triangle can, where ca g 39 m. char 521773 


find H= 44,22 miles. | | 
In the right angled triangle cbx, where gg 294 m. L cxb=67 30 


In the triangle Kkch, where N the ZKkcy= 

136* 06” (=Z Kca+ LAcRT Z RCH); find £CKH=25* 40', and . 
cHK=18 14/. + "0 2 
In the right angled triangle hun, where 4 cum=18* 14', and cn 
=4422m. ; find Cm=13,84 miles, which doubled gives cn=27,68 


o 


In the triangle Acb, where cD=27,98 m. Lcap=25 4077, and 
£ ACD=41* 494 find AD=42,6 miles. SE 
In the triangle ADB, where aB=94 miles, L BDA=129* 227, 404: 


La is 42,6 miles. 
ANSWER, The diſtance from p toy B is 61,03 miles. 


C is 27,68 miles. 


£ . » dc. 
ä * de. ö FLY lth. — 


—— RM. — 3 : - * * 0 "IN 9 . 
N > Rte 
P * > # 12 


QuesT1ON XIX. In latitude 48* 50' N. we were attached by a priva- 
teer, 1who upon receiving our broadſide lay to, and we flood away NMI. 


having by our eflimation run ten miles, was ſeven miles direttly eaſt 15 
Naw by our account we had ſailed four laagues fince the action, and the ti 


time the privateer lay to, our rate of ſailing, and each ſhip's direct courſe and 
diſtance. „ 


SOLUTION, Suppoſe the action at a, then parallel to the NMI. 
and NE, 5. N. rhumbs, draw AB ZIA m. Ac Io m. and join be; 
through c draw cp miles due weſt; join BD, and in this line 2 
duced take DI=4 miles, the tide's drift in two hours; draw CF paralic 
and equal to pi ; through r draw a weft line ro, meeting BI in 1, al 
a meridian through a, in G; and draw AF, Al, which repreſent the ru 


miles eaſt of the other ſhip, then at 1. | — 
In the triangle Ac, where aB=12, Ac Io, and ac 50 155 
find £4 acB=71* 3145 LABC=52* 1327 and BC=40,52 miles. 67 

In the triangle Bcv, where Bc = 10, 52 m. CD=7 m. £BCD=15 * 


— 


8D=4,197 miles, which is the tide's run while the privateer lay by. |, 


* 
aww . * — ry 


Fg 
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wa vil. LANE SAILING. | 6g 


jangle ACF, where CA=10 m. CF=4 m. and 2 AcF=82* _ 
N find C AFc=74* 527 4/CAF=22*® 427. and 
25 | vo 27 miles, the diſtance failed by the privateer, 
8. light angled triangle AGF, where AF=10,27, the Z FAC 

each car g) 5627 find A8 5,675, and 6F=8,501 miles. 

| In the right anzled triangle Aci, where AG= 5,075, 61=(GrF—(IF=) 
1861; find LOAIZZ 15 23“, and Al 5, 886 miles. Os 
Now 4,197 m. divided by 2m. per hour, gives 2,098 h. h. 5 m. 


52 . 


The privateer lay by 2h. 5 m. 52 f. nearly. 

The tide ſets 8. 487 40“ E. 

Axsw ER. J The privateer failed N. 56* 27 E. diſtance 10,27 miles. 
| CL The other ſhip failed N. 15? 2J/ E. diſtance 3,886 miles. 


8 n — - - —_— — 


— — {_ 


Err 


Quesrion XX. From the ports A, B, e, lying under the ſame parallel of 
I:timude, B being 60 miles, and c 160 miles to the eaft of A, three ſhips ſail 
txvard the NIV. quarter and meet tagether, B having ſailed two points, and 
c 32 points farther from the meridian than A had : Required the courſe and 
di/iance each ſhip has run. TOY, | 


SOLUTION. In an eaſt and weft line cp, take ca=160 m. AB 
bo m. make the angle ACE=2 points 22 3o', the angle CAE=1E 
points=16* 527; and join EB | 3 

Through the points AEC deſcribe a circle, cutting the line ER produced 
in h, and join HA, HC. : 5 8 
Now LAHE= LAck; and / BHC= L BAE. III. 129) 
Therefore ſhips failing from A, B, c, and meeting in H, their courſe 
will. differ by the quantities propoſed. _ 5 | 

For drawing a meridian HD, the angles DHA, DHB, DHC, will re- 
ſpectively repreſent the angles which the ſhip's courſes make with the 
meridian. | « | 

In the triangle Ace, where ac=160 miles, /.EAc=1E points, ECA 
=2 points, and 4. AEC=12E points; find the fide Ec=73,21 miles. 

In the triangle BCE, where BCz=IO00 m. CE=73,21, and the in- 
＋ L£.BCE=22% 30 z find the angle CEB=116* 35% and 4 cE N 
Hence CABHZg4AO 53/ (II. 93); the HAB Z=116˙ 37. 5 
In the triangle Ang, where aB=60, and all the angles are known, 

HA = 102, 0 miles, and RB = 140, 2 miles. i oC 
In the triangle Anc, where Ac = 160, and all the angles are known, 

He 225, miles. OR 6 OE 
= cdurſe is N. 26* 37 W. diſtance 102, 6 miles. 


F 


Angwes, 


B's courſe is N. 49 07 W, diſtance 140, 2 miles. 
&'s courſe is N. 65 59 W. diſtance 225,5 miles. 


- 


. Ai fa $ECTION 


70 PLANE SAILING. 
„ 
Of the ſurveying of Coafts and Harbour. 


From what has been already ſaid in the preceding ſections, an intel]; 
gent reader would ſee how the buſineſs of taking the bearings of part c 
a coaſt, and of plotting or delineating it, might be done. But as there 
ate ſome particulars, which can be gained only by experience in the an 
of ſurveying, it will not be improper to apprize the learner concerning 
them, to qualify him to go more readily to work. | 


52. To take the Draught of part of. a Coaſt in ſailing along it. 
 _1ift. Having brought the ſhip to a convenient place, from which tie 
principal points of the coaſt, or bay, may be ſeen, either caſt anchor, iti; 

is convenient, or lie to as ſteady as poſſible; or if the coaſt is too ſhot}, 
let the obſervations and meaſures be done in a boat. Then while the 
veſſel is frotionary in that ſituation, take the bearings in degrees of ſuch 
points of the coaſt, as form the moſt material projeCtions, or hellows, 
with the azimuth compaſs ; write down theſe bearings, and make a ron 
tketch of the appearance of the coaft, obſerving carefully to mark the 
points, the bearings of which had been taken, with letters, for the fake ot 
reference. e „ | 

2d, Then let the ſhip or boat run in a direct line, which muſt be very 

Carefully meaſured by the log, or otherwiſe, one, two, or three miles, 
more or leſs, until ſhe comes into a ſituation from which the fame points 
beiore obſerved can be ſeen again. There let the veſſel lie ſteady, a+ at 
the foregoing ſtation, and obſerve again the reſpective bearings in degrees 
of the ſame points, which are alſo to be written down; and a rough 
ſketch of the coaſt ſhould alfo be taken from this ſtation. But while the 
veite] is running the Bae line from ſtation to ſtation, a more accurate 
drawing of the appearance of the coat: ſhould be made. 

3d. To map theſe obſervations. In ſome convenient part of a ſheet of * 
paper deſcribe a circle, draw the magnetic meridian, lay off the ſeveral 
bearings taken from the firſt (tation, and let them be numbered 1, ?, 
Sc. on the outſide of the circle: lay down alſo the ſeveral bearings tale. 
from the ſecond ſtation, let theſe be numbered 1, 2, 3, &c. on the ini? 
of the circle, obſerving that the bearings of the fame points are numbered 
with the fame figures. Es on Co tl Fad ous : 
4th. Draw a line to expreſs the ſhip's run both in length and couri?; 
and from that end of the line expreſſing the firſt ſtation, draw lines pa- 
rallel to the reſpective bearings taken from that end, and marked on the 
outſide of the circle: alſo from the other end, draw lines parallel to the 
bearings taken at that end, and noted on the infide of the circle; mark the 
interſection of each pair of lines, directed to the ſame point, with the num 
ber annexed to their bearing; and through the interſections, 0 marked, 
draw, by hand, a curved line, obſerving to wave the line in and ou? 
near as Can be, like the bending of the coaſt itſelf. Laſtly, Set off the 
variation of the compaſs from the north end of the magnetic meridian 
toward the right hand, if it be eaſt, or toward the left hand, if it be 
welt, and draw the true meridian through that point and the center © 


_—_ Sh. againk 
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.» Aoainſt each part draw the appearance of the elevated, or low 
5 gn in the ſketches, diſtinguiſhing rocks, cliffs, higa-Jand, 
Aland, ſand-hills, Sc. If there are any currents, or eddies, expreſs 
them in their proper places by darts, or arrows, the points being turned 
hat way the current ſets. Put in the ſeveral ſoundings at low water in 
ſmall figures, diſtinguiſhing whether they are fathoms or feet; ſhew the 
ume of high-water on the full and change days by Roman figures, and 
tel the riſe in feet. Put in a compaſs, and a ſcale of miles or leagues, 
ch as the veſſel's run was laid down by; add the name of the place, the 
coaſt, and the latitude and ag; 44" as true as can be obtained. 
6th. If there are ſhoals, or ſands, on the coaſt, let them be taken by a 
boat ſailing round them, and keeping an account of the courſes, diſtances, 
and ſoundings. But to put them in the draught, the boat muſt take the 
hearings of two points on the coaſt, the bearings of which have been 
taken from the ſhip, from ſome part of each fand or ſhoal fo failed round. 
Or, the bearing of the boat at ſome part of the ſhoal, or of ſome beacon 
in that place, muſt be taken by the ſhip at each of the {tations where ſhe © 
took the beariags of the ſhore; for by either of theſe means one point of 
the {and being obtained, the reſt of it can be laid down from the boat's 
account. 3 : 
7th, If the coaſt to be ſurveyed is a bay or harbour, winding in ſuch 
a manner that all its principal points cannot be ſeen at two ſtations, let 
as many baſes, or lines, be run and meaſured exactly, as may be found 
neceſſary; obſerving that theſe ſeveral baſes run join to one another in 
the nature of a traverſe, and that each new ſet of objects, or points, 
obſerved, be taken from two ſtations at the end of a known diſtance, 
Or, look out for three or more femarkable objects on ſhore, which 


l — either of the ſtations, take the boat into thoſe places, and 3 


tac ol the ſeveral inlets, either by the rowing, or failing of the boat. 
= be many bear ings, ſoundings, and other notes, as may be thought | 


seneral draught. 
a if there are any dangerous fands, or rocks, beſides inſerting 
in in their proper places, there ſhould be a double line drawn through 


** Pot and one or more objects aſhore ; and for this purpole, chuſe a 
| """E< | church, 
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church, mill, houſe, noted tree, a cliff, or any other remarkable thins 
that can be diſtinctly ſeen at ſea, and which can be brought to bear in the 
fame right line with the point to be avoided. But if that point is under 
water, there muſt be two land- marks brought to bear with the danger, n 
the ſame right line; and alſo two others which are in a direction, 3 
nearly at right angles as can be to the former two; and that thoſe land. 
marks may be put down in their proper places in the chart, their bear 
muſt alſo be taken from two of the ſhip's ſtations. 
Toth. It ſhould be remarked in the draught what places are unfit for 
anchorage, and what are fit, by writing rocky greund, foul anchorage, gal 
anchorage, &c.; and in the latter to draw the figure of an anchor. Al 
if there is any particular channel more convenient to fail through than 
another, it is to be pointed out by lines drawn to its entrance from tua 
or more noted marks aſhore. ws 


ugs 


The foregoing method of ſurveying a coaſt ſuppoſes in general, that it 
is taken by a ſhip in her pailage along, not having an opportunity of go- 
ing aſhore. But when the circumſtances will permit the meaſures and 
obſervations to be made on land, the furvey can be taken more accurately 
than on the water. e e Fn 


= | To ſirvey a Harbour by Obſervations on Shore. 


1ſt. Make an eye-draught of the place to be ſurveyed z and in going 
round its coaſts, fix ſtation ſtaves, or ſtraight poles, tall enough. to be ſeen 
at a conſiderable diſtance, in the moſt remarkable points and bendings of 
the ſhore ; but if at any of thoſe places there is a noted tree, houſe, or 
any other remarkable thing, that object may ſerve inſtead of a ſtation 
ſtaff; and it will be convenient to black the ſtaves, and tie a piece of 
white bunting to the top of each. Then in the eye-draught put letters 
at the noted points, or marks, for the fake of diſtinction. | 
2d. Chuſe the moſt extenſive and level ſpot of ground you can meet 
with, to meaſure your baſe line on, which ſhould not be leſs than a tenth 
Part of the diſtance of the two extreme objects which are to be obſerve; 
and let the direction of the meaſured bale line be ſuch, that as many ot 
the ſtations as poſſible may be ſeen from each end of it. The bearing, 
or poſition, of this baſe, muſt be well determined in degrees and minutes; 
and its length accurately meaſured, either by a meaſuring chain, or b) + 
J TODD 
3a. From each end of the baſe, obſerve with Hadley's quadrant, the 
angles ſubtended between the other end and each of the ſtation ſtaves, or 
objects which had been before remarked at each point or bending of be 
coaſt ; and write them down orderly in your book, or mark them on the 
eye-draught „ BE 55 | 
4th. Then theſe meaſures and angles being plotted, or laid down, 
will give the moſt conſpicuous points of the ſhore ; the intermediate 
ſpaces are to be filled up from the ſketches of them made on the ſpot, ® 
SAS TRE» 
th. But if any of theſe objects ſfiould ſpread on either hand ſo 1 
beyond the limits of the baſe, that at either end the other end and —— 
objects or ſtaves ſhould appear nearly in the ſame direction, or to ma. 


* 


angles not exceeding 10 degrees: or, if ſome of the remarked 2 
8 E a 1 „ 2 e ;al 


1 


4 


bock VIT PLANE SAILING. 73 


de ſeen only from one end of the baſe ; then let the bearings of ſuch 
2 ꝗs be taken from a place, the poſition of which has been determined 
— both ends of the meaſured baſe: or, if there ate ſeveral remarked 

viets which cannot be ſeen from either end of the baſe line, let the 
rearings of ſuch objects be taken from each of two points, the paſijtions 
of which have been taken from both ends of the baſe : or, it may on ſome 
occafions be proper to chuſe another place, on which another baſe of a 
convenient length may be meaſured, and from the extremities of which 
che ends of the firſt baſe may be ſeen; and alſo, as many as can be of the 
remaining objects which lay roo oblique for the firſt baſe, or which could 
not be ſeen from it: in ſuch manner proceed until the bearings are taken 
of all the points that are judged neceſſary for completing the ſurvey of the 

zrbour.. F 5 

if 2 baſe of a ſufficient length cannot be meaſured in one right line, 
it may be taken in two adjoining lines, as the two ſides of a triangle; the 

included angle being accurately taken, and the bearing of either line. 

The poſitions of objects taken by a magnetic compaſs being liable ta 
great uncertainties, as is well known to thoſe who have had any expe- 
rience, eſpecially at ſea; the mariner has therefore been directed, in the 
foregoing inſtructions, to take as many of the angular poſitions as may be, 
by the Hadley's quadrant, the deſcription and uſe of which will be given 
in the IXth Book. „ | 

54. When the outlines, or limits of an harbour, bay, road, Sc. are de- 
lineated by the preceding precepts; the appearances of the ſhores, with 
the adjacent remarkable objects, correctly drawn; a compaſs with the 
variation and ſcale properly fitted to the plan; the iſles, rocks, ſands, c. 
marked in their proper places ; the ſetting and drift of the currents, and 
tides; the times of high- water on the days of new and full moon, with 
the riſe of water at thoſ2 times, and whether whole tide, or tide and part; 
the beſt anchoring places, with their ſoundings at low water, and the 
wi:ds open to them ; the beſt track, with the foundings all the way to 
thoſe anchoring- places; the proper failing marks to avoid dangers ; the 
winds, if there are any troubleſome ones, which prevail, and at what fea- 
ton» ; the places where freſh water can be got, and the time in which a 
boat's crew can fill a number of hogſheads at thoſe places; the name of 
the place, the country in, on what ſea, the latitude and longitude ; a 
ſketch of the appearance the place makes at ſea upon a known rhumb, 
and at an eſtimated diſtance ; and whatever elſe a judicious ſeaman ſhall 
think proper to inſert; then is the plan fit for all nautical purpoſes. But 
as 1t is uſual to embelliſh ſuch drawings with proper colours, the follow= _ 
ing obſervations may be uſeful to beginners. ; ITS iba 

55- A draughtſman ſhould be furniſhed with ſome, if not all, of 
thele particulars, viz. 1ſt. Black-lead pencils: 2d. One pair of hair 
pencils, with the quill about the fize of a common pen, and the hairs 
not ſhorter than I an inch, nor longer than Z inch; another pair or two 
of a fize or two ſmaller ; they ſhould all draw to à fine point when wet- 
ted; and that wet point be drawn through the margin of the flame of a 
candle, to take off the ends of ſtraggling hairs, if there are any: A 
marble of five or ſix inches ſquare, and about 4 inch thick, in which are 
four, or fix, or more little round cavities, or cells of about 14 inch 
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diameter, and 4 inch deep, to put liquid colours in when u 
want of a marble, a few horſe-muſcle, or ſuch like, ſhells: 4th. A cal 
of good Indian ink: 5th. A little paper of carmine, which is a fine re 
colour: 6th, A piece of prepared indigo, which is a blue: 7th. A piece 
of prepared yellow: 8th. A piece of a ſap-green: gth. A piece of Spa. 
. or ſome liquid brown, made by a ſtrong folution of to. 
bacco in boiling water: 10th. A fmall vial of diſtilled verdigriſe, which 
is a fine ſea-green : 11th. Some gum Arabic diſſolved in water. Theſe 
particulars are to be had at colour ſhops : where the colours in Jumps 
or liquids, are generally prepared with a ſufficient quantity of gum in 
them; but thoſe in powders muſt have a pencilful or two of gum water 
put to them, when they are uſed, | 
The colours in lumps are beſt uſed by rubbing one end of the lumy 
ently in a cell in the marble (or on a tile) till as much is wore off as i 
udged neceſſary for the preſent uſe; and it is beſt to rub off freſh colour 
as it is wanted, and not to have too much at a time. If the colour firſt 
rubbed up is too ſtrong, as it generally is (unleſs for finiſhing touches) 
put one or two pencils full of that colour into another cell, and lighten 
it with one or more pencils full of water; remove ſome of this ſe- 
cond colour into a third cell, and lighten this with water; and fo to a 
fourth cell; by this four different tints of that colour will be had, which 
will be found quite ſufficient in the moſt finiſhed piece; in moſt caſes 
two tints will do, 
In the uſing of liquid colours the pencil ſhould be well wetted with the 
colour, and then gently drawn acroſs the edge of the cell, to bring the 
pencil to a point, and free it of ſome of the colour; for the pencil ſhould 
not be quite full, unlefs it be to cover a large ſpot of the drawing. 
56. When a perſon, unaccuſtomed to the uſe of colours, begins to work 
with them, he may acquire by degrees a facility in laying them well on 
paper. I hus, with a black-lead pencil draw two parallel lines at about 
2 inch apart, and with the lighteſt of the aforeſaid tints (ſuppoſe of Indian 
ink) let him try to colour the ſpace between theſe lines; and repeat the 
trial with other lines, until he finds he can cover the ſpace with an uni- 
form tint, and keep exactly between the lines. Let him try in like manner 
with all the tints — to the deepeſt (which is about as black as good 
writing ink) and the moſt difficult to uſe; and when he finds he can fuc- 
ceed in all the tints, and his hand is accuſtomed to keep the colour ex- 
actly to a line, which he may acquire in a few days, he may proceed thus: 
With a pair of pencils fitted on a ſtick, one for colour, and the other for 
fair water, let him lay a tint cloſe to a ſingle line, and ſoften off the other 
margin with. the water-pencil ; let him try to do this in ſeveral examples, 
| ſome on one ſide, and ſome on both ſides, of the colour, taking of diffe- 
rent tints, until he finds that he can fucceed fo, that the colour {þal!, 
from the deepeſt, gradually become fainter and fainter, until it loſes itſell 
in the whiteneſs of the paper; obſerving, 1ſt. not to lay on a tint longer 
than 15 or 2 inches, before the water-pencil is applied to foften its mar- 
gin, left the colour ſhould dry too faſt : 2d. not to have the water- pen- 
eil too wet, leſt it run into the tint too much: 3d. at each length the 
water-pencil is uſed to, let its point be ſtroked on the hand, or on 4 
waſte · paper, to take off the colour it had imbibed in waſhing that length; 
otherwiſe the next length might be of a different tint, The 
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The foregoing obſervations being well attended to, will enable a be- 
aner to work properly with colours, in plans. But it muſt be confeſſed, 
- half an hour employed in ſeeing theſe operations performed by an ar- 
1 will furniſh more knowledge in theſe matters, than can be drawn 

o a multitude of verbal inſtructions only. | 


57. The young artiſt knowing how to uſe his colours, and graduate 
their tints, may proceed to colour the plans of harbours, and their coaſts, 
thus: 

The ſhores an the land- ſide are to be ſhaded with Indian ink; the 
preudth of the tint being within the limits of about F and Z of an inch, 
and laid on at three times; viz. Iſt. A light tint laid cloſe to the ſhore, 
wit: the margin on the land-fide ſoftened off: ad. A deeper middle tint, 
laid alſo cloſe to the ſhore, but of a leſs breadth than the former, and the 
jade margin alſo ſoftened off within the firſt waſhing: zd. A fine line 
triced on the ſaid ſhore, with a hair pencil charged with the deepeſt tint, 
and not ſoftened on either ſide, | | ED. | 

Th ſhores on the water- ſide are to be ſhaded with diftilled verdigriſe; 
the breadth of the tint about & inch, and laid on at twice; for the firſt 
tint, about half water and half colour, laid cloſe to the ſhore, and the wa- 
ter · ſide margin waſhed ; the ſecond tint of verdigriſe only, narrower than 
tae former, laid cloſe to the ſhore, and not waſhed. 

Sands, dry at low water, to be covered pretty thick with fine black 
points (fee figures 12, 16, 18, 20, in Plate IX.) the ſand coloured with 
brown, and tae borders on the water-ſide ſhaded with verdigriſe waſhed 
or ſoſtened.. es, Ee 

The plans of buildings on the land to be coloured with a light tint 
of carmine, and the limit, on the inſide, touched round with a deeper 
Aut. 5 | | | | 

Freſh waters to be expreſſed by a colour of half verdigriſe and half fair 
| water, ſhaded with a light tint of indigo; or with a tint of indigo alone, 
ca light ſky-colour, interſperſed with fine ſtreaks of white. ne 

Green colours of various tints may be made with ſap-green, yellow 
and blue rubbed together, with a pencil-full of verdigriſe among them; 
and with ſuch colours woods and graſs lands may be expreſſed, when 
properly broken in with trees, buſhes, and little irregular daſhes with In- 


Jian ink. d 


Arable or ploughed land is expreſſed by covering the ſpot in the draw- 
ing with a kind ot broken paraliel lines, done by a hair pencil dipt in a 
brown or clay colour. | ; | 
_ Muddy ſhores at low-water are ſhewn by laying on a middling tint of 
Indian ink, and laying over that a tint of light verdigriſe. og 
The drawing and colouring of rocky ſhores, ſteep banks, hills, marſhy 
zround, and the manner of breaking the ground in plans, Ec. are beſt 
gained from examining a coloured plan done by a proper proficient ; but 
Where that is wanting, a pretty good taſte may be gained by conſulting 
_- plans and views, ſuch as are in Lord Anſon's voyage round the 
| | = 


— 
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Sea-draughts taken according to the preceding precepts, and neg 
drawn and coloured, beſides the real uſe they may be of, cannot fail a 
recommend the young mariner, who ſurveys and conſtructs them, to t 
notice of his ſuperiors. 9 


SECTION XI. 


4 imate Diſtances, 


| Befides the method of finding the diſtances of remote objects by trigo, 
nometrical computations, there are two other means which may be ue. 
fully applied when the former cannot; and theſe are, the mation of ſound, 
and the curvature of the earth, 5 | 


6 of the Mariam of Sound. 


It is a well known obſervation, that the noiſe or ſound ariſing from 
any blow or ſhock, made at a diſtance, is always heard ſome time after 
the ſtroke is ſeen, or known to be given; and hence it is generally con- 
cluded, that the ſeeing of any act done within view is inſtantaneous, but 
that ſound travels at a perceptible rate. \ | 

Some of the moſt eminent philoſophers, judging that the knowledge of 
the flight of found might be of uſe on various occaſions, have been at 
extraordinary pains and expence to meaſure the rate at which it moved; 

and the reſult of their experiments, particularly of thoſe which were beſt 
conducted, 1s as follows. ED 2 „ | 
1ſt. That the velocity of ſound is the fame, whether by ſea or by 
land, in dry or in rainy weather, by day or by night, in winter or 
ſummer. N - 
2d. That ſound, whether more or leſs ſtrong, flies with the fame ſwiſt- 
neſs. For, by experiments, a cannon fired with a half-pound charge of 
powder was heard at about the diſtance of 17 f miles in the fame time 
after the flaſh was ſeen, as it was-when fired with a charge of 61b. 
3d. That the times in which ſound is heard are proportional to the 
diſtance ; that is, at a double diſtance it is heard in twice the time; at a 
triple diſtance in thrice the time, c. | 3 
Ath. That ſound flies quicker or ſlower by juſt the velocity of the 
wind, according as it blows with or againſt the motion of the ſound. 
sth. That ſound travels at the rate of about 1142 feet, or 380 yards 
in one ſecond of time; fo that 9”, * S | 
Sound moves in x ſecond, 1142 feet, or 380 yards. 8 
BY I minute ola yards, or about 13 miles. 
Which is about a miles in 4,6 ſeconds, or about a league in 14 ſeconds. 
But fea miles are to land miles nearly as 7 to 6. (V. 73) 
Therefore found runs a ſea league in about 12 ſeconds of time. 
It is a common obſervation, that perſons in good health have about 75 
pulſations, or beats, of the artery at the wriſt in a minute. | 


* 


_— 
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© Therefore in 75 pulſations ſound flies about 13 land miles, and 
57 ka ſea 1 * which is about one land mile in ſix pulſes, and 
— one ſea mile in near ſeven pulſes, or a league in 20 pulſes. 
ow q hence the diſtance of objects may be found, by knowing the time 
which ſound takes to move from thoſe objects to an obſerver. 


AMPLE, Upon being the 0 of a gun at ſea, I counted 56 beats of 
| Nr"? at my lan?) before I heard the report: How far was that gun 


rom me «© 


Now 56 divided by 20 gives 2,8 leagues, or about eight miles. 


6. To find the Courſe fteered by a Ship feen at a diſtance. 


A ſhip lying to (at o,) may diſcover the courſe (Ac,) which a veſſel 


ſeen at a diſtance is going on; by taking, at two known intervals of time, 
three bearings (os, OT, ov) of that ve el; thus: 

Ia a line POR, drawn at right angles to 
the middle bearing or, take oP, OR, as . 
the given intervals of time, in minutes, 
taken from any ſcale of equal parts; and Ec 
through p, R, draw lines parallel to or, Dr” 
cutting 08, OV, in Az .. 

Then a right line drawn through A and . iR n 
c, cutting o in B, will ſnew the poſition n, ert.. 
or the courſe, that veſſel was ſailing. 1 

For drawing Ca parallel to re, and cutting PA, oz, in a, 6; then 
ab, bc, equal to po, OR, are as the times; and fo are the lines As, Bc, 
by ſimilar triangles. „ 


* — 2c <us 


Although by this method the apparent courſe may be determined, and 


allo the relative diſtances at any propoſed times; and among others, the 
neareſt or leaſt diſtance; yet the abſolute diſtances are not hence to be 
found; and if the obſerving ſhip ſhould change its place in the mean 
lime, the polition of Ac will become uncertain. 


1 Of ihe Curvature of the Earth. 


Moſt perſons know, that if they are raiſed above the ſurface of the ad- 
lacent land or water, they can ſee not only diſtant objects that lie on that 


lurface better, but alſo ſee thoſe which are more and more remote, as 
they advance higher. The irregularity of the ſurface of the land will 
not de ſubjected to any one rule, that will give the diſtance to which 
objects may be ſeen at different elevations; but at ſea, where there 
5 generally an uniform curvature of the ſurface of the water, the ſphe- 
— of the Earth being admitted, thoſe diſtances may be eaſily 


ba. Let (fee fig. 12. Pl. XIV.) the eye at E be raiſed the height rs 


ab 


eg the ſurface s of the water; then it will ſee an object at F on the 
doe, in the tangent Ey, which is the diſlance of that object from 


1 
1 U 
- 43.4 
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Now in the triangle Fc, right angled at fn there are know, 

fide cf=ſemidiameter of the Earth, and the FA CE equal to 25 0 
: => cs increaſed by SE the height of the eye: to find the *. 
| gent 7. 4 : | © | I 


2 


8 
——— 


Then (II. 113.) EFV A e 
| =4/*CS+SE xSE. 


That is, To the Earth's diameter add the height of the eye, multiply jj, 
fum by that height; then the ſquare root of the product is the diftance, at 
which an object on the ſurface of the water can be 2 by an eye ſo elevated, 

And by this Rule was the table at Article 65 computed, the diameter 
of the Earth being taken at 41798117 feet, according to#Sir Iſaac Ney. 
ton's numbers. | | | 
This table may be uſefully applied to eſtimate the diſtance of an object 
at ſea, the elevation of that object above its horizon being known. 


ExAmPLE I. Sailing towards a headland, on which is a lighthouſe, el. 
vated 600 feet above the ſurface of the water, we ſaw the lights at night ju 
. appearing in the horizon : How far were we at that time diſtant from the 


be hthouſe ? 


Seek in the table at Article 65 for 600 feet in che column ſigned 
height in feet, and right againſt it, in the column ſigned di/ftance in miles, 
ſands 29,994 3 fo that the diſtance may be reckoned about 30 miles. 


ExamPLE II. Being walking on a ſandy beach, in company with ſee 
merchants who were looking out for a veſſel which was then expectei and 
whoſe top-gallant maſt was 140 feet above the ſurface of the water, we bo- 
ſerved, with a teleſcope, a ſhip's vane juſt appearing in the horizon : Hiw 
far off was that 5 ſuppoſing it the veſſel expefted ?F 


AxswWwER. Againſt 140 feet, the height, ſtands 14,448 ; that is, her 
diftance is 144 miles. e 5 5 


63. Here is no allowance made for the height of the eye above the 
horizon ; but it is obvious, that the higher the eye, the farther it can fee. 
Now as objects are ſeen in a ſtraight line, and that line is a tangent to 
the earth's ſurface, therefore it follows, that to find the diſtance of tw 
elevated objects, when the right line joining them touches the ſurface of t he 
Earth, between thoſe objects ſeek the diſtance anſwering to each height, and 
the ſum is the diftance jaught. . | 


Thus in Example II. ſuppoſe the eye is raiſed fix feet above the water's 
edge, it can ſee an object on the ſurface 2,999, or three miles off; this 
diſtance being added to the 145 miles, makes the diſtance of the ſhip to 


EXA 
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ur E III. 4 man being on the main-top=gallant mf of a man of 
Ha "0 feet above the water, ſees a 100 gun 27 ſhe had engaged the day 
2 hull to: How far were thoſe ſhips diſtant | 


A ſhip of 100 guns, or a firſt rate man of war, is about 60 feet from 
the keel to the rails z from which deduct about 20 feet for the draught of 
water, leaves 40 feet for the height of her quarter above water: now 2 
ſhip is ſeen bull to, when her upper works juſt diſappear, 


Then 200 feet high give 17,316 miles. 
And againſt 40 feet ſtand 7,744 miles. 
Their ſum, which is 25,060 miles, is their diſtance. 


64. It might perhaps hereafter be found uſeful to mariners, could a 
i of the moſt conſiderable lighthouſes, and other elevated objects in dif- 
ferent parts of the world, be obtained, together with their heights above 
the water. For as ſome of theſe objects are fo high as to be ſeen at the 
diſtance of 30 or 40 miles, and even more; and as their diſtances upon 
being firſt ſeefi could be known near enough by the table at Art. 65. 
were their heights known; therefore ſuch a liſt might, on ſeveral occa- 
fions, not only give much ſatisfaction to a ſeaman, but even become of 
great uſe to know his diſtance from thoſe objects, as he could thereby 
know how ta increaſe or flacken fail in order to fave his tide, or other 
emergency ; alſo he would know better how to lay down the diftances of 
rocks or ſhoals that lie off a coaſt, &c. But as ſuch a liſt is not eaſy to 
be come at, unleſs ſkilful mariners would be at the trouble of procuring 
ſuch as occured to them in their voyages, and on their return commu- 
nicate them to ſome public body; therefore the curious in thoſe matters 
muſt be contented at preſent with what is here already ſaid, = | 


Art. 65, 
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Art. 65. A TABLE for finding the Diſtance of obſerved * 
 reſtrial 09 at K.. s 


Height |Dift» in 


n Feet | miles. 


Jace] 


in fee“ 


Diſt. in PR nigh [He in 
miles. in feet in feet miles. 
I | 1224 53 3,9140 240 cee 760 33,756 22 035,083 
2 1,732 350 951630 245 19,165 780 34197 2300 38,725 
32,140 59 28,45 250 19,360 800 34,033 2350 59,360 
4 2,4% bz 9,64 255 85850 820 | 33,063 2400 | 59,935 
8 þ 73” 65 | 9,872 260 | 19,743 \_ $40 35488 2450 60, bog 
6 2,599 es 16,097] 26s 79,93 Bbo 35,08 2500 | 61,225] 
7 | 4,239] 72 | 20,307 270 | 20,119 880 223 2550 | 61,834 
; | 34% 74 10,533 27520, 30 yoo 36,734 2600 | 62,437 
9 37073 77 | 303745 250 10 85 920 37,14 2650 63,035 
11. 37872 8o — 28 5 20,071 940 37»541| 2790 63,62: 


— =: 11,156 290 755851 gbo Ef 2750 545277 


Oiſt. in Height [Diſt 4 


mi es. in teet miles. 


12 4,242 36 | 114355; 295 |} 21,030 980] 38,352 25CO 64,79: 
13 4,4150 89 117553 300 | 21,208 
92 11,745 310 21,558 1030 | 39,297 2900 65,941} 

|| gs | 11932||__ 322 | 21903! robo | 39,566!) 295060. 507 

16 4,898 98 12,1210 330 22,243 1090 49,426 3000 67,06 
I 55048 101 12,300 340 22,578 1120 | 40,978 3050 | 67,62 
I 557195/ 104 12,487 359 22,907 1150 41, 524 3100 68,177 
19 55338 107 12,066 360 23,232 1180 42, 062 3150 | 68,72; 
20 347% r10 | 12,542) 370 23553 1210422303 60,265 
21 5˙ 6110113 | 139910 350 23,8609 1240 735178 3250 | 69,807] 
22 | $2743} 176 13,188 390 | 2443151, 1270 43,636 3300 70,4 
23 | 3872/19 3,37 400 24,489 1300 44,7149 3350 70,˖ 
243799 122 | 139525] 427 24,793 1330 44,655 3409 | 71400 
25 5,122 125 | 13,090|| 4292 255094 130 45˙1 5% 3450 71,925] 
=6 | 6,243) 128 13,8530 439 | 25939" 1390 455510 3500 | 724443] 
27 6,362 131 14,015 44 25,584 1420 4,1410 3559 72,955] 
28 92 19 14174 450 23,74 1459 | 46, 629 3600 | 73-476 


1000 | 38,721 


29 6,594 137 14,332 460 20,261|| 1450 47,106, 3650 | 739979 
30 6„709 2 14,488 479 | 26,545 1550 | 47581] 3700 | 741454] 


P ˙ 


31 6,87 E 7775 480 | 26,820] 1540 | 45,052, 3750 74-955] 
32 6,928 14,795 490 2771040 1579 48,517 3800 75 4% 
33 | 71934 150. 14,995 $00 27,379 3900 48,979 3850 | 755979 
34 | 77514 155 15244 $79 275052 1630 49-430 3909 | 7947] 
35_|_7:2441 292 18458 520 | 27,922\ 1660 | 49-b3gl| 3959 | 701959) 
36 | 775347 165 17728 $30 28,89 6900 50,338 400 77445 
37 7.44 179 | 15,905) 549 28,454 1720 | 30, 782 4059 | 71-97 
38 75548175 | 16,495} 539 28, 2716) 1750 51,223 4100 78,497" 
39 | 7:647) 180 | 16,427 50 28,97 1780 $1,601) 4150 | 73,58; 


zo | 7:744\| 185 | 16,654) 572 299233|| 28 $10 | _ $2,094 | 4200 | 79:35) 
41 7,870 190 16,978) 580 2974 1840 2844 4250 25 795829 g! q 
42 | 7-955) 195 17,998 : 390 29,74 1870 | 52,951) 4300 | 39297 


_— 


\ 43 | 8,029) 200 | 171316} 600 | 29998 1900 | 53,374) 4359 | 3970 
44 8, 123 205 | 179531 620 | 30,489 1930 33,793 4400 81,225 


45 9,214 210 17,744 640 352. 19600 _1g6o | 543240) 4450 81,685 
> 46 8,305\| 215 17,955 660 31,457 2000 "54,701 4500 82,7 
473, 304 220 | 18,10z 680 37,930 2050552441 4559 $2,599 
23.4831, 225 18,36©|| 700 32,390 2100 56,113 4600 83051 

ag 3,870 239 | 15,599 729 32,855) 2150 66,777 4959 LN | 

.Þ 52 | $,658|| 235. | 1 7c 74 | 33,309) 2200 | Toy, 4700 33. 
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A -Þ> Þ > +- Þ Þ {> > > 


Lat. | — 


{40. 40.56 = 
121,54 8ſt. 


|S o Point 
8 1 

| - 3 

Lat. Dep. Lot. Dep. 

, oo ©; 99 0,10] 0,95 
2] 2 00 1.99 0,2 1,98 
3} 3»©O! 2,99' of 2,97 
44 400 3,98, 3:96 
51 4:99 4495; 495 
6 599 5,97 5593 
- 6,99 6,97 6,92 1 
8 7,99 7,96 7:91 
4 E 9,96 0,89] $,9c 
1. 9.22.49 9:95 2891 
1410, 99 10.95 510,88 
11,99 11, 11,87 

12,98 o, 6412,04 12 86 
473-98 1393 3585 
14.98 14,93 14,84 
15,98 1592 1, 13 83 
16,98 6.92 16,82 
17,98 17,910 7,7601581 
18.98 18,91 8,79 
19,98 19, oc $19.76 
20,98 20,00 20,77 
21,97 21589 t, 76 
22,97 22,89 2,25122,75 

23,97 23,83 5123,74 
(24-97 24.88 54,73 
25797 28,87 5,72 
26 97 26.87 6,71 
512707 27,07 74127, 70 
28.97 28 86 128,69 
86 1-47]9,%5 29,67 
30,96 30, 8 5 39, 66 
5196 31,94 31,65 
32,96 222,84 332.64 
33.96 32,84 343513363 
34,96 1,7 34, 83 74-62 
#2 5-96 35 83 35:61 
3736,90 36,82 36,60 
3837:05 37,32 237,59 
3938.9 5 0 3 3268.58 
4439 95! 2139+ $7 
$540,096) _— 4© 
2:41:G<; 41.30 
32 95 2.11 62:79 „5 
443˙95 „7443,79 43,52 
5 2174.78 4,4144, 51 
6 2264578 4451145-50| 
7 6.77 4,6 146,40 
8 2.347,74. 7047,48 
9 5 4.80448 47 
50 4549.76 2 
| oy 5,00} 50,45 
32.51 94] 275 N 9851,44 
5375 ; 5 2,43 
541-3194 5-29453;41 
55154+93 $239, 54+40] 8 
57150,03 56,38 
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2,54 12,61, 3,16 12,441 3+77/12,24 
3,4013 400 
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„59 2, 97 3] 2597; 0,87, 2, 82, 1,01 2,7 ; 
2 © 78 / 11 
| 0,98| 25 2 3993, 15 16 3.77 1 35 370 * 
30 „9 | 4,05, 4478, 1545 4471) 1,60 4,bz Lad 
22 5582 1 $374, 1,744 5565 2,02 5750 We 
237 6,79 1,70 8 6,70! 2, % 5, 8d 2,36 6.4 265 
1,50 7,76 750 25,32 7583 2360! 53 vcd 
1,76 8,73 2-19 8,6:| 2,61 8,47 3503 8.32% 
| 2295} 9.70 — 9257) 2790 9,42 3 3 3711.95241. 334 75 3 
2515 5 10, 67 2 67110, 5; 53 3. 19010, 36 3,71 35 71 15,16 7057642 % 
2,34%, 64 2 921740 37481 11, 20 Hog cg 4 IP 
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9505 13780 575 
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41,91]86,43/46, 9846 50, 208 7,49 54,45 78,71658,35 73•7562, 17a, 61 65,82 69, 3069,30 98 
2,3487, 31 4b, 66084, 92 50, 89082, 32/5 5,00179, 52158 62 80 73:35 66,45/- 70,007 70,cc| 99 
. 47»14]8 5,77 51, 41083, 1505, 56/80, 32 63.444.007, 16½0, 7170, 1 10 
47,6 86,635 1,92 33.98 56,11181,12 64,07[74,34'67, $717 1:42 7:,42/101} 

6648, 0887, 49 52,444, 8 1 36, 67181,93 64.7 175,58 68, 86 2512 gte | 

5183,35 22,9513 5,64/57,22 $2,730 6265,34 76,32 69,x7|72,83/ 72,33 103 
496289, 153,42 80,45 5575 83.5305 6597 77.86 69,873,543, 104 
49, 300,6 53.98 89,758,347 84,34% 6,5473, 80 70, 574,907 8 05 

254,49 88, 714058, 89,8, 24165 67,24% 8, 34 77, 19 74,9549 5 0b 

91,785 5,01 3.3889. 45 85, 946 67,38/9,28,71,8/7 78,667 6610 

50,9 12,64 35,5289, dc 60, 0 36,7 56. 68, 155 0272, 3376,37 70,37 108 | 
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577389 3,50 55,04 90,6; 360, 56, 87,55 69,15 27675 T3207 7 4C717 75167 109 | 
51,85 94,35 56,55 /91.46/51, — 88,35/551 57 $4,26699 80976721257 77,78 227811 [| 
— 7,8906 52,3209 5,21 57,06 92,29 51,67 189716 70, 4282, 2574, 54 28549, 72 40 111 
758998, 78052, 7906.07 57, 58 93·1262½3 89,960 71,0 399587827 972007 . 
9,319,665 3, 276,92 58,09 93,96 62,78 9,6 67,387, 352,688 3,73 75,8979, go 7999/1 13, 
8,74 100, 863,7 97,78 58,61 96263 34 975576879 88,1272, 32 84,47 hag 80, 61080, 61114 
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TRAVERSE TABLE, 6. 
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Sf o Degree 00 1 Degree. 1 
8 15 Min. | 3o Mi... 45 Min. o Min. i5 Min. | 30 Min. | 45 mT” — 
0 Lat. Dep. Lat. | Dep Lat. Dep. | Lat Dep. Lat. Dep. Ln. Dep. Lat, Deg, 5 | 
T | 1,00| o, oc] 1,00 1,00! 0,01 1500 0,02 | 1,00| 0,02] 1.00 00, 0,05 | 
2 . | 2,00| 0, oi] 2,00 2,00 0,0J || 24,00 0,04; 2,00| o, og 2, 00 0000 l 
3 3, oo] o, oi 3, oo 3500 0,04 3500 o, o5 350 0,07] 3,00 G 
+ |} 4:99] Gn 4,00 4, 0 ©,05 || 400, o, o) 4,00] 0,09] 4, 0 dad 
5 } 5,00] 0z02] 5,00 5500 0,07 5,00] o, og 5, oo] O,T1] 5,00 ig ? 
6 [| 6,00] c,ou] 6,00 6, 00 0,08 6,00 9511 6,00] 0,13] 6,00 * 0 
7 700] O, 03 7,00] 2 0,09 7,00] O, 12 700 O,15] 7,00 0,21 » 
8 13, oo 0,04] 8,00 8,00 o, to 8,00 o, 14 8, oo o, 18 8,00 oũ 2 þ 
9 | 9,00| o, oa 9,00 9, 00 , 12 9,0 o, 16 9, oo 0,20} , oo 518 

10 fro, oc o, oaſio, ooo, ogſio, oo o, 13 10, co 18 ,o o, 220, oo 0531 

It für, o o, g, gf o, ftr, 0,14. 11,00 o, 19 1,00 0,24] 1, 0 o, 28ſt 1508, 0,3; 

12 fre, oc o, ogſt a, oc] o, 10. 2, oo o, 16 12, 00 0,21|12,00] 0,26112,c0} o, 3 f 1,99 c. - 

13 1300] o, f 3, 00 o, 11 3, 0 0,17 13,00] 0,23|13,00| 0,281 3,00, o, 3412, 99 C, 
14 14,00] o, 6A, O o, 1214, co 0,18 14, 00 o, 25 14, o 0,21! 4,0 0, 37/3, 99 o,. 

15 [15,00] 0,07] 5,00} 0,1 315,00! o, 20 15,00| o, 2615, co] 0,3J1 5,00} o, 39014, 99 0,46 
16 [16,00] o, O7, E, oo] o, 141 6, 0 0,21 || 16,00] o, 28 10,00] o, 35 röô, oo 0,42 15,990 o, 40 :{ 
17 7, oc o, oy, og o, 15], oo 0,22 17,00| o, 30 12, 00 0,37] 7,00] 0,451: 6,99 c,c: 
18 [18,00 o, 0818, oo o, 16018, 0 0,24 12,00] o, 32 18, oo] o, 30t 7,99 0,477,990 0,5 
19 fro, oc o, odr, oo o, 17r9, oo 0,25 19,00] o, 33 19, oc 0,59418,99! 0,58 
20 zo, oc 0,09}25,c0| o, 17]20,00| 0,21 20, oc o, 35 20, oc | 0.52919.99! o, : 

21 [21,00] o,cof-1,0c| o,18Þz 1, 0 0,28 21, 00 o, 37 21, co „550,99 „ba 21 
22 [22,20| o, 102, oo o, 192,00! 0,29 22, 00 o, 38 22, o o, 58 f 1,99 0,6% 
23 [23,00] o, Icq 3, oo] o, 20h23, oo] o, 30 23.000 o, 40 23, co 9 9,6922,99 0,70] 23 
24 F400] , IEA, oo o, 21 ·4, 0 0, 31 24, cc o, 4224, co 0,63j23,99! 0,72] 2: 
25 25,00 O, 1 if25,0C! 0,22]25,00! 0,33 || 25,00] 0,44 24.99 „6324,99 0,76} 25 
26 (26, 0 c,i1j26,c0| 0,23|26,00! 0,34 26,cc} 0,45 25,99 0, 6802 2 
27 EZ, o ©,12127,00] o, 247, o o, 35 27, cc 0,47126,99 9 ,7 5 

28 E38, oo o, 128, oo 0,2 429,00 0,37 28,0c| 0,49 27,99 0,73 

29 [29,00] o, 13029, oc] o, 2 59, o 0,38 29,0c| o, 51028, 99 0, 76 

30 430,00] 0, 1330, oo o, 2630, oc 0, 36 30, 0 , 5229,99 0,79 

31 31, 00 o, 143 1, 00 o, 273 r, 0 0,41 31, 0 o, 5430, 99 0,815 

32 32, 00 o, 14032, oc o, 28132, 0 0,42 32,0c| o, 6631,99 0,84 

33 33,00 O, 14; 3,00| o, 2933,00 0,43 335000 0, 3832,99 0,86 

34 34,00 o, 1 534, oc. o, 3034, oo o, 44 || 33,99] , 59 33,99 o, dg 

35 P3599] , 3 5,00 o, 313 5,5 0,46 34,990 0,6 134,99 0,92 

36 [36,00] o, 16036, oo] 0,31136,00| o, 47 3599 9,6 3599 0,94 

37 525 , 16637, O0 0,32437,00| o, 48 36,99] 0,65 36,99 0,97130 

38 38, o 0,17138,00| o, 33038, oo] 0,50 37,99 0, 6637,99 0,99 

39 [39,00] 0,17,39,00]| 0,24139,00| 0,51 38,99 0,68|38,99 8,09 1,02 

{ 40 14200] 0,1714.0,00] 0,3 5340,c0| 052 || 39,99] 0,70139,99| ©,87139,99| 10513 

| 4: Ar, o „8g, og 0,36}41,00, 0,54 || 40,99] O, 72 40,99 O, 8940,99, 1,07 

42 (42, oo o, 1 804 2, oo] o, 37/42, oo 0,55 41,99] 0,730 41,99 0,9241, 99] 1,10 

43 A3, , 1943, og o, 3843, oo 0,56 42:99] 9,75 42,99 9442,99 113 

| 44 [44:00] 9519144900] o, 38014, 0 0,55 || 43,99] , 743,99 , 9604 3,99 27 

| 45 145-00; 0,20[4.5,00] 0,39;45,00| 0,59 || 44:99] , 9 44,99 0,9844, 99 1,1 

46 fa, o 0,20[46,c0] 0,40}45,00] 0,60 45,99 0, 8045,99 1, oc 5,99] r, zac ag 

| 47 Hz: o o, z 147, oo o, 447, oo 0,61 46,99] 0, 82 46,990 1, 0346,99 1,23 

| 48 148,00] 0,21148,00| 0,4.2143,c0| o, 63 47,90 0, 84 1,26 

| 49 149,00] o, 21049, 00 o, 4349, 0 0,64 43,99] 0,86 1,28 

50 [50,00] ©,22150,00] 0,44450,00| 0,65 49,99 0,87 1,31 

51 [51,00] o, 2251,00 o, 4550,99 0,67 50,99] 0,89 1,34 

52 [52,00] o, 2 352, 000 o, 485 1,99 o, 68 51,99 0,91 1,36 

| 53 [5300 o, 23853, d 0,46152,99| 0,69 2,99} 0293 1,39 

54 [54900] , 2454, oc 244 53˙99 9571 53599 85794 T,41 

| 55 [55200] , 2455, 0 0,48154,99| 9,72 || 5499] 0,96 8 1,4456 

56 56, oc o, 24056, oc o, 4955,99 2,73 33,99 0,98 9 1,47 

| 57 15700] o, 2557, 00 o, 50056, 99 0, 75 55,99 r, oo 56 1,49 

58 J58, oc o, 2 558, oo o, 51057, 99 0,76 57,99 1,01 1,5257 

| 59 [59,00] o, 2659, oo o, 5188,99 0,77 53,99] 1,03 1,5458 bo 

| 6o [60,00] 0,26160,00| 0,52[59,99| o, 79 59,99] 1,05 59,98] 1,57 

Der. | Lat. Dep. Lat. Dep. Lat. Dep. Lat. Lat. Dep. Lat. 8 
I 145 Min. 30 Min. | 15 Min. | o Min. | 2 Min: : 
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89 Degrees 


— — ——— Erna — 
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3 oc x Degree of =} 
Z e Min. 45 Min. o Min. | 15 Min. 30 Min. | 45 Min. : | 
2 5 Lai 1 Dep. | Lat. | Lat, | Dep. | - Lats Dep | Lat. | Dep [L. | * 
E 0,57 75,99 0. 80 E. 1,06 60,98 1, 33060, 98 
ll. oc! 027 62, 000 o, 54 61,09 0,81 61,09 1,08 61,98 1.35|61,98 


: 
ce 6,28.63,00| o, 362,99 „82 62.99 170 62,98| 1, 3862,98 
acc o, 28 64, 00 0.56163 99 o, 4 63,99 1,12\63,98| 1,4 0 
82 65700 0,23j05,00 0557 64.99 0,35 | 64.99 1, 1364,98 1.42 64,98 
* 56.00! 0,29156,co 075806 5,99 0.80 685,99 ere 1,440 5 981 
| © becc 0,29/67,00| 0,58]66,99| 0.83 | 66.99] 2.176,99 1, fees, 9e 


Se o 38668, oo ©,<9167.99 „89 67.99 510 67,98 1,486,98 
60 59 · 0c 0, 3069, 0 0,6c168.99! 0,99 68,90 1,0 68.08] 1,5168, 98 
he oc . 0, 6169.90 092 | 69 90 1522 60. 980 1,5 


Fro 0,31;7 7, 0c o. 6270 99 0:63 i 70, 99 1,24 70,8 1,550.98] 1,36170,07] 2.17] 71 F 
= * oc 0: 3172-00 05,1, 0.94 || 71:90; 1,26|71.93; 1, 571,8 1,887 1,97 2,20] 72 | 
z oc ©,347 300 0,6-:172.9c\ 0.96 || 72,99] 1,27 172, 1,91172:97| 2,23Þ 73 | 
od 0, 32 74,00 „6 ½73 99 0,97 73,99 1,29 73,98 1,9473 97 2:26] 74 | 
7500| 0,337 5900] 0:65174,991 0.93 | 74-99] 1:31 74.98 1,96174+97| 2,29] 75 | 
70. ocf o, 337570 o, 667 3,99 0,99 | 75,99] 1331/75-98 97 4,9975˙97 2,32] 70 | 
75 77: „3477 oc| 0,67170,96, 1, 1 76, 99 1,34 76 98 6.97 
8 [-2,cc! o. 34% 8. 0,65j77,956; 1:02 77 90 1, 36 77,98 


—— — > — —— .- 


| -6 Foo o, 3509 o 0,69, 8,99 1,03 78,99 1,38 78.98 
| 8: 0. oo , 38080 oo} OG, ce, I,05 | 1999] 1401179» 98] 1" 
C 7706 o, 358 r, oc 0, 71 80, 99 1,06 30,90 1,41 80,98 
g2 — 9,3052, o. 71,0 1,07 81,99 1,43)$1,98 
| 8; fz oc 0,36]$300| o, 782, 90 1, 62,99 „45 82,98 
24 Ke, b 00 0,3784: oc o, 73399 5 3399 „4783.98 
85 |85.0c| o, 37/8 Fre o, 7484,99 1,11 | 84,99 1,48 84,98 
6 85. c o — oc] 0, 7585 900 1,13 ll 85,99 2550 5.98 
oc 0,387, o o, 76066, 90 1514 86,99 1,52 86,98 
88 1 cc 0, 3088, oc. o, 7787. 9 1215 8,99 1,548 98 
| 89 80 230189, oe] 0,78 88,99 1,16 | 88,99 1,5508898 
cps, ec 232 D 0,579 39,00 1,18 | $9,99' — 9.980 170 
91 [97,00] o, cor oα 0,7cg90.99] 1,19 | 99,99; 1,59, 90,98 1,99190,97 
' 92 [32,0e| 0,4<|92,0c| o,8c[91,99| 1-20 91,99 1,67 91,98 2,01191,97 


93 9300 04119 3, oc o, 8 12, 900 1,22 | 92,99 1,62 92 980 2,0302, 97 
94 04. 0,41594,00| o, 8293,99 1,23 93,99 1.649398 25059 3:97 2: 
9 hof ©,41[3 5,00] 0, 8304,99 1,24 94,99 I,66'94,99 20719497 
6 96.00 0,42{96,cc} o, 8409 5,99 1,26 99,99 1,689 5,98 2099327 
C7 397-CO 0,42197,CO 0,85190,99 1527 90,99 1,69 96.98 2712 6,97 
98 95500 0,4308, oo] o, 8697,99] 1, 28 | 97,99 1,71, 97,99| 2,14197,97 
99 [:9,00 0,4 3199,00| o, 8698,99 1,39 98,99 1,73 98,98] 2, 168,97 
1% todo, o Sy: cn 0, $7199+99 1,31 | 09.99] 1,7 9%9 98 2,18 99597 


— — — 


10! — 0,44ſror,o| „8c T, e 1,32 101, 1,7101, 2, 20010 1,0 
102 102,0 ©,45{102,0 o, de 102,00 1,34 102,0 1,78 IC2,0| 2, 2 3IUl O2, c 
2 1030 0,45 103,0 0590 103.0 1535 | 103,0 1, 80 103,0 2251030 
1 er 0,451104,0| e, 91004, 0 1,36 Loca, o ny 104,0 2, 7004, 0 2 
* = be * 10 5,0 0,92 1050 1237 m__ 1282 * * IC op | 
ac ths: . 2,467106,0| 0,924106,0| 1,39 106, *. 5 0 2,3106, 0 
108 * . 0,47ji07,0 9,932 0720 1540 3 weld | 2 2133 * 
eg 10 : . 108, o 059410 20 1541 | 108,0 1, 9 108,0 we” I08,0 
Si. up 0,4<1109,0| 0,95þ109,0| 1343 109,0 12 109,0 2,381109,0 
—=119:0] 0,48]r 10,0] o, gi 10,0] 1,44 | T10,0 1.92 11,0 2,40 10,0 
Sig 0,411, 0 o, 97 11, 145 111,0 1,94 111,00 2,42[[T1,0 
ir. | 22] 0,49] 12, 0 0,98]112,0| 1,47 112,0 1,96 112,0 2,441 12, 0 


114 |, 22] 493 13,0] o, 9913, 1,48 130 1,97 13,00 2,4713, 


[| 140 o, Scr 14, ol 0,991114,0| 1,49 || 114,0 1,99 114, 0 2,49]114.0 

al 1150 o, qi 15, 1,00,115,0| 1, 51 115,0 2, 01/115, 0 2,5115, 0 3,01 15,0 
iy 16,0 9,5 1 16,0] 1,1 16,0 1,52 116,0 2,03 116,00 2, 5301 16, 0 3, 041 16,0 
* 17,0 o, 517, 0 1,021 17,0 1,53 117,0 2,041 17,0 2, 5/117, 35061 17,0 
1 115;c} o, 518,0 1,031 18,00 1,54 | 118,0] 2,06|{113,0 2257 118,0 3,09]! 18,0 
A. 119% 05521 19, c 1,0441 19,0 1,56 119, 0[ 2, 08119, o 2,6 19, 00 J,T231 19,0 
es zo, d 1,05{120,0] 1,57 120% 2,09\120,0] 2, 61 120,C 31441 20,0 
| E [22 Lat: [Dep: | Lar- | Dep: Lat. | Dep. Lat. || Dep. | Lat. | Dep. | Tat. Dep. 

8 45 Min. | 39 Min, | 15 Min. | o Min. 45 Min. 30 Min. 


— Degrees 


88 Degrees 
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TRAVERSE TABLE, 65. 


2 Degrees 
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1 


3 Degrees 


2 


| 


+ > © = 


| 


» 6 &Q 


9 to 2 0 


WW 1 i» 
SSA! 


150 
2,00] o, 7 


—ͤ — 


10599 
Ti,99 
12,99 
13599 
14499 
15,99 
16.99 
17799 
18,99 


19, 00. 


2120,99 
21,99 
22,99 
23599 
24799 
25790 
26,98 


O, 


3,00) 
40 
5500 
6,00 
7,90 
7»99 
8,99 
222 


0,66 
| 0,70! 


o, 50 


0,91, 


SE | 
| 1,00 


2.00 
3,00 


| 5500 
[ 6,00 
770 
| 7»99| 
8,99 
222 
573 10,99 
0442, 
0,5 
0,49; 
07352 | 
0,56, 
0, 5916,99 
ez ge 
| 


©,731;20.99| 
| 0477), 


0,34 
o, 87 


0,94, 
0,98. 
1, 018,98 
1,05 29,98 


4500 


11599 
12,99 
13:99 
1.4»99 
15-99 


18,99 
19.99 


Dep. 


| 


| 15 Min. | 30 Min. | 45 Min. 


Lat. 


0,04 
0,08 


0, 160 4,00 
O,2C' 


| 5,00 
0,24] 5,99 
©,28 
0731 
235 


1,00 
2, o 
3,00 


7799 


8,99 


— — 


6,99 


8321 9»99 


| 
O13 


0,18 
0722 
0, 26 
9531 
9535 
0,30 
0,44 


3.00 
4:00 


| 5299 
6,99 
| 790 
ö 8,99 
9,99 


—— — 


o, 4310,99 0,48 


247 1,99 
0551.125199 
5515 399 
0. 59j14+99 
0,03;15,99 
0,67;:6,99 


0,7 17,99 
, 7518,98 


2919,98 


10,99 
11,99 
12,99 
13598 
14˙98 
%, 08 
0,574 16,98 
O79 
0,83 
0,87 


0552 
9,5 87 
0561 
0,65 


499 


05 1 


Dep. þ Lat. | Dep. 
WW 

0,0 ; 2,00! o, o 
o,; og 2,00 


0,14 3 


0,19 


0529 


0734 


0,38 
74 


0.43 


9553 
0,58 


0,62 
0,67 
0,72 
0977 
0,82 


0,24 


f 
0,36. 


i| $995 


I 1,9 
12,98 
13,98 


14,98 


1593 
16.98 


8 


{| 


17,9 


„9118,99 


8.289129, 


21,08 
22,98 
23,98 
2498 
25,98 
26,98 
27,98 


2 


8! 1,40 
„43 


a wa 
82 
hd 
— 
- 
2 
& 


| 1,08 
S 1512 
1515 
1,19 
1522 
1,26 
1,29 
1533 
1,36 


1,47 
1550 
1554 
1,57 
1561 
1,64 
1,68 
1571 
1575 


30,98 


31,98 


32,98 
34-97 
3597 


36,97 


37297\ 


38,97 
39+97 


20.98, 
21,98 
22,08 
23-98 
$12.4..93 
2 5,98 
(20,97 
27797 
28,97 

29,97 
—_— 


1,355 


* 


0,92}: 
0:06 
1, oc 
150 

x,09]2 
1,73 
1,138 
112212 
1,27 
1.37 


1,01 
1,06 
I, 10 22,97 

1,1 5 
1, 20 


20,97 
2497 


23˙97 
2497 


1,25 2597 
1,30, 29,96 


1,34;27-96 


1,39 


1,44 29,96 


1,40 
1,44 
1,48 
1553 


1357 
1,61 
1,66 


40,97 


42,97 
43:97 
4497 
45»97 
46,97 
47,96 
48,96 
49,96 


1,49 39.956 
6 I,54 


x,c3 
ny 
6| 1,68 


127 
157 
1,32 
1,87 


1,97 
2102 


2, 06 


2,11 


2,16 


2530 


| 2335 


2440 


27,96 
32,96 
33.96 
134295 
35795 
57795 
38,95 


1921139995 


40,94 
41,94 


43794 


(44-24 
2,21|/45,94 
2,26 46,9, 


4794 
43,93 


, 2309] 
Dep. | Lat. 
— — 


1,78 
1,82 
1,85 
1,89 
1,92 
1,95 


1,99 
2,02 
2,06 


151,96 


50,96 


52,96 
53,96 
54-96 
535-96 
56,96 
57,96 
58,96 
59,95 


2,0 50595 
2,0 51595 
2,060152,95 


21215395] 


2,1 54995, 
2,20155»95 
25 
272 
2,32 
2,36 


57795 
58,94. 
59,94 


56,9 5 


| 225 57703 
2, 5758,93 
2,6259, 93 


. 2745 


2,50 


«| 21254 


25,59 
| 2,04 


2,69 
2474 
2578 
278 3 
2,38 


59993 
$1,93 
52793 


54792 
5592 


5792 
58,92 


Lat. 
— 


10,9 1 


425,94 


49,93 


aun . 


— 


* m 
— * [3 — 7 


0.68 
0,73 
0579 
o, 8 5 
0591 
0,96 
j 1,02 
1,08 


11,98 
12,98 
13:97 
14-97 
1 55, 
5 
17,97 
18,96 
1,23419,96 
=__ 20,96 
1,252 1,96 
1, 3022,96 
| 1,30 23,96 
6 1,4242495 
154725545 
15342995 
1,59 27•95 
1,6 28,95 
1,70129+94 


g6 151 Als 
13,96 0 


1,2820, 96 
1,24% 1:45) 
1,40 22795 
1,473 95 
1553/95 
1,59% 5,0% 
1565126 04 
1571 28734 
15772594 
e 
„89030, 03 


2516 
2,21 
2,27 


3793 
33,93 
39.9324 
2,330.92 

2,284 1,92 
2 7425 


2,69 391 
2.47 5144-90 
24814590 
2,37 46.00 


| 2, 5043,92 
2555 4:92 
25,614 591 
2,67146,91 
2,723+7»91| 
2,7 314,91) 
2,84 49,91 


5393 
56,92 


59792 


2, 8950,90 
2,9 5151,90 
399115290 
3-06[5 3-90 
3512 54590 
351815 5-90] 
3-2 3]50,39 
3»29]57»59 
| 3935 58,89 

3740 59,89 


8 56,91] 


Dep. 


Lat. 
45 Min. 


Dep. 


Lat, | Dep.] Lat. 


Dep. 


Nin. | 15 Min. 


WE Min. 


Lat. Dep. 


— un 
a2uryicg| | 


87 Degrees 


”©—  — — 


—— — — — —— — —— H 


19 


, SIS SS I. I ˙* ˙⅛‚ Ee 825 | 
— 2 Degrees zo} 3 Degrees 50512 
175 Min 30 Min. | 45 Min. o Min, | 1 5 Min. 30 Min: | 45 Min. | 
Tat. | Dep. | Lat. | Dep. | Lat. | Dep Lat. Dep. | Lat. ; Dep Lat. Leg. Lat. Dep 
hw _ | SF has >: 


72 1360,95 2,400, 94 2,9 3/60, 92 3,1960, 90] 3, 460, 39 3,7260, 87 3.99 
ee 3» 7 6 25,986 2506 51,88 61,87 4,00] 6. 
566 2,16617,95 2,4301, 94 * * 35 463550 ly A 4,00] 6. 
032,90 2,2062,95 25472, 94 3-021[02,92| 3, 30062, 90 3. Os — y 
646596 2,23/63-95| 2,843.94 507063, 91 3-351939 3-91 63,36; 4.19] 64 
2,27,04,95 2, 55164, 94 3» 121/04,91 3+40,,04,90 768% 2525 
2,308,950 2>591: 5194 212 3-4 jo 509 ri 4:32 
6766,96 2-34|80,95] 2203 32 72 beer 4-09;66,36 4.3 
5967,90 2,3706795 2,67197.94 | 392 (67,91 3'5 67 9 nr" | 445 
68,96) 2,44|68,95| 2,7 158,94 331168,97] 303 655 422 69,35 4,51 
4969,96 2744.59.25 2,7 5109493 592 3.36 (69,91|_3+66 69.39 4.28 69,85 24 
[0,96 2,4870, 95 2,970 93 3,410, 90 3,72 —_— 7 4:34 79-55 4,64 
71,96] 2451171995 2,83j71,93 3.40/77, 90 3577 71,8 7 145735 457 
757996 2,872,904 287172293 3, 5972290] 3˙ 8272,88 4:46 72,84 4,77 
92.96) 2.58739 2,913.93 355/73, 90 3,87 73,88 5% 84 48% 
790 2-01 4.4 2+94174-93 3. [74-90 3-9 3,74, 88 4+ 38174, 84; 4,91 
6750 2,6575904 2,98 5593 75,900 3,987 5,35 4.0447 5:84) 4397 
- 70,90 2,69 76,94 3,02176,93 3.70% 6, 900 4,036, 88 4,70% 6,84 5204] 771 
| $77.96] 73 77˙94 3-96[7-93 3,74% 7,89] 408177,37 | 447017753) 810 78 

| 798,95 2576 78,94 351078, 93 3,7978, 89 4,1 78,87 722265 85 5,17] 79 
887995 2—72.22˙24 3»141]79+93 3284797589 4219175 371 4,3$79.33! 5,23] 8c 


'F1l50:95] 2,33 80,94 3,18]30.92 1 3,391$2,89] 4,2480, 87 4,9880, 85 58 5,30 81 


— 


3281795 2588 81,94 3,2258 1,92 3.9481, 89 4.298 1,87 4,6 8 1,8 5 5,081,830 5,36 82 | 
| 3598032, 89 4234132,87| 4, 7182,84 5,97 92,92 5483 
383,89 424<433,87| 4,2658 3,84 5,13,53.52 549 84/0 
84.88 4,45 34.80 4,8284, 84] 5, 1984,82 5,56} >x 
85,880 4,508 2,86 4,888 5,84 5,2 508 5,82 502] 86 
86,88 4,5586, 86 4,936,840 5,386,810 5,bef 87/0 
2, 4,22 87,88 4,6137, 86 84 5.375778 5570 88 


386399 2293 8374 3,303, 
3855 £297 — SIN $95 
80655795 3008 5,93 373 — 
386,99 3504 86,93 3,42 85,92 
$337,905] 3507 87,93 3,468 792 


2 


3-11 38,93 2757 55 4,27 88,880 4,688, 86 5488,81 5.82) $ 
3:14 39293 3532992 432 89,88 447 £9,836 5,50j}89,81 5589 980 


351890,93 3,570,910 3,970, 90 4,37 | 
3-21 [91,93 3,61191,91| 4, 0101,90 4,41 9187 4,82 
3-25 92,93] 3,652,914, 0502,89 4,4692, 87 4,872, 
3528 93,93 3,690 3,91 4,103.89 4,51½3,87 492193 85 
3+32 [9493] 3,734,914, 1 5489 4,56½%4,87 4,97 
335195593] 3273,91 4.199,89 4,011195,87) $,03195,85| 
3-39|96,93| 3,31196,91| 4.236,89 4,65 96,87 5,0896, 84 
342 97,93 3,897,910 4. 2897,89 4,70 97,87 5,1397, 84 


55690, 8159 90 
e 6 - 
2 5 6892, 80 
3,2419380 

5, 80j94,80 
55869 5,79 
592,79 


| 9 5853˙75 6 
3.468,92 3,898,914, 3298,89 4.7 5198,87; 5188,84 6,0498, 29 
— 42,9292 39329" 4 36199»39| 4,30\i99,86| 523199, 84 6,11199,79 


3553/00, 3971-0029) 4:41 100,9| 4.8 5/100, 9 5,29, 100, 8 5,7100, 8 6, 1700, 8 © 
3.56101, 9 4, 01010, 9 4,4 107,9 489/101, 5,3410 1,8 5, 28101, 8 6,2310, 6 
3,68 102,9 4,04[102,9| 4, 490102, 9 42941/102,9 539|102,8| 5,84{102,2| 6, 290102, 8 
363403, 9 4, 0803, 9, 4,5 103,9 4,9900103, 9 5,44 103.8 5, 900103, 8 6, 350103. 8 
567104, 9 4, 12004, 9 4, 58/104, 9 5,04 104,9 5,5004, 5.951104,5| 6, 41104, 8 
3570105, 9 4, 1605, 4,6206, 9 8,0905, 5,55 105,8 6,0105, 8 
3,73½06, 9 4, ach, 9 4, 6706, 9 5, 13106, 5, 60106, 80 6, 07106, 8 
3270), 9 4,2410, 9 4,7 10), 9 5, 180107, 9 5565 107,8 6, 124107, 8 6 
9 380108, 9 4, 280108, 9 4,7608, 9 5,2 108,9 55710108, 8] 6, 18108, 
28410929 4232 109,9 4,8 109,9 5,2 109.9. 8.21098 6,24 109, % 


3.87 110,9 4,3001 10,9 4, S4 10,9 5, 310,8 5,81 6,291 10, 80 6, 78/110, 8 

791111, 4,4c|tt1,9| 4. 30 11, 5,37 111,8 5,86; 6,35 11,8 6,34/111,8 
4244] 12,9] 49 /r 12,9 5,4212, 8 5,921 112,80 6,901 12,8 7,391 73 
4.480 13,9 4.97 13,9 5,4713, 5.97 6, 48 C 3,3} 6,961 13,8 72401114 
4, 51}1 14,9 5,021 14,9 5,52 14, 8 6,02, 6, 521 14, 8 7, 0 14,8 7,52 115 
4556 15,9 5060115, 5,57 11378 6,7 6,58 15,80 7,08 32 528) 755916 
4,59, 16,9 5,101 16,9 5,62 116,8 6,12 31 16,8 7,141 16, 87,6517 
40312 7, 5,1 ff 17,9 5,6611780 6,18 117,8] 7, 2001 17,7 7,1 
4,67% 18, 9 5, 191 18,9 5,71 


118,8 7,27 18,7 7,78]: 19 


118,8 6.22 
| 119,8 7,33;,119,7 7+85]r20f 


447113199 $22 341 19,9} $47 119,8 6,23 
| P-1 Lat. | Dep © Lat. Dep. Lat. || Dep.! Lat. Dep. Lat. | Dep. Lat. 
» |_45 Min. 30 Min. | 15 Min. [o Min. 30 Min. | 1c . n * | 
87 Degrees 19. 30 Degrees ls | 


. Re. co—_—_ ⁵¹ e _—_—_—__—__ — — — — A 
1 * 4 


10 


TRAVERSE TABLE, 67. 


4 Degrees 07 5 Degrees oy 
o Min. | rs Min. | 30 Min. 45 Min. | © Min. | 15 Min. | 30 MT 
Dep. þ Lat. Dep. Lat. Dep. | Lat. Beg. Lat. Dep. Lat. Dep.] Lat. Dep.] Lat. From 5 
o, ce 1,09] o, o r,oo! o, e 7, 0 o, 8 1,00] 0,00) 1,cc| 0,00 t, oo 9,19] 7500 Th 
, 14 200} o, 1 f 1, 9e o, 10 1,99 0, 17 1.99} 0,7 1,95} , 1 1,99] 0,19 1,99 . 
% 10 2,99 0, 22 2,99! 0,2 2599 8525 2799 0,20 2759 0,28 2,99] 0,2 2,99 Kg | 
9528 359] o, 30] 3,90] 0,31] 3,90! 0. 32 3,99] 0,5 395} 0, 37 3,98] 0,38 3,92 od, 
©,35}; 4,99 , 37 4:99} ©,39] 4,93| , 41 493] 0,44 4,98]. 0,46 4.98 0,43] 4,93 0 0 
0,42 598 , 48 5:93] ©,47] 5980 0,49} 5,98, 0,5-} 5,98} 0,55} 5,97 oJ 5,95! oc; 
0,4 6,930 o, 52] 6,98 0,55 6,98] o, 580 6,97) o, 6 6,97] 0,64] 6,97] 0,6 6,9- * 
0,56 7,93| o, 59 7.98, 0,63] 7,97] o, 66 2,97 0,70} 7,97] 9,73] 7,96] 0976} 7,96 o, 
0,3 8,98 0,67 8,97 0,711 8,97 0,7 3,97 5 8,960 0,82] 8,96 0,8 996 wy: 
C©,70) 9,97] 0,74] 9-57} 0,79] 9,97} 0,93 9546 —. 871 9,96} 0,92] 9,95] 0,96 9,9; 1,c0:; 
0,77110,97) o, 8 2Jr0, 97 o, 8610, 96 0,9 110, 06 8506 70 95/1, 00, 95 1,05 70595 Lich 
0,83%1,97 o, 80 7,96 0,407 1,96 0,599 11595 1505 1195 1751 11595 15 1511,94 12h 
©,91 {12,07 o, 96 2,960 3,02jr2,96| 1,08 12,95] 1,13512,95| 1,1912, 94 1,2 12,0% „acht; 
o, 8 1 3, ab 1, 043,96 1,101 3,95 I,16}13,95| 1,22j13,94 1728 13,94] 1, 343,93 174. 
1, 0514,96 1, 114,950 1, 1 814, 95 1,24, 14,94} 1,31014,94| 1, 374,93 144014495! 1,51: 
1, 118,96 1, 10 6.9 0 1,261 6,9 1,33, 1, 401 9,9 f 1, 40 r 5,930 1,52 5,92 1,6: 
15 076,95 1,26jr6,95| 1,33 16,94 1,4116, 1,48 16,93 1,506,920 1,63 16, 1 7c 
„260, 13302794] 1:41 17,04 1,49 77,9 1.57}17,92} 1,6c17,92] 1,7 77,9 1,% 
1,3 018,95 1,40 18,94 1,4018, 9: 1,578,935 1,66118,92| 1,7418, 91 1, 8218,91 1 
24410585 1548 19,94 257 19,9:| 1.66 14,92 7.7419, 91 1,83 19,91 2,0ch:c 
| 1,47, 20 F 1,6520,93 1, 7420,92 1, 8 3020, 910 1,92]20,90 2,16 
„ 1,54 2 1,9 1, 63 1.9% 1,23 1,97 1,820 21,92 1,922,910 2,01 1 0 25, 0 
3 3 7 „8 22,92 1,902,910 2,00f22,90] 2, 112, 89 ©} 243125 
1,6723,93 17823, 9211 8823792 1,8992392. 09023,90 24202 3, 89 2141124 
' 1 740293 1,824.92 1964, 2507 24,91 dag. 2,2924, 89 2451125 
1,81,25:93] 1,93 6,92 2,04 5,91 2,15 25,90 2,27/25,89| 2,33]25,88 2,612 
1589 26,3 2, 026,92 2, 1226,91 2,442 26,90 2,35|26,89 2,476, 88 2,717 
1,9 512792 2,0$27,9'; 2,20ſz7,y0| 2, 32 27,89 2,44|27,38| 2, 5627, 87 2, 81, 
2,02 23,92] 21 8,91 2, 28028, 900 2, 40 28,39 2,63 28,880 2, 5 a8, 87 2,78[28,85| 2:91] 
2 2, 929,02 2 222:29-91| 27329790 2743 2989 2562029, 87 2,7 29, 860 2, 88029, 8 301175 
5639,92 * 22 2,4030780 2,57 39,83] 2,7030, 87 2,84130,86| 2,9730, 8 311]! 
2,22% 1,9 2, 51031,89 2,6 531,88] 2, 7931,87 2,9331, 85 3.07 37,80 321Tf55 
3332,92 2, 032, 2 2, 5932, 80 2,7332, 88] 2,8832, 8“ 3,02 32,89 3.1732, — 3190133 
3433,92 2,3291 2,6 33,88] 2, 8233.8] 2, 9633,86 3,133,880 3,2033, 83 343+} 
2 Pa. : 2740032090 2,7 54,38] 2.90 34457] 3, 0534,85] 3, 2c 34,84 $2, 5506 
3635. 91 2, 5f 35,9 2,8336, 2,93} 35,26] 3-14135-85 $2) 3011508 
37 36,91 2,58 36,99 2 Pp 80 2 2,90138,87 3,06, 36,86 3+23; Lay 5 274157 
[33 37,97) 2,05 37,90 2 84 37˙88 2,98 37,37] 3,15 37586] 3,21 3,84 35 
2268.57 2,72 38,29 2,89 38,83 3,06 38,37 3,23 38,89 3.40/38, 4 90 59455 
[49.39.90 2-79 3989 2:90439,85 3:14 39-36] 5:31] 39-85] 2:49/39-85| 3-6 = 2 
4140,90 2,86 40,9 3.445757 3.22 49,86] J 4004,84 3.57 4,83 
241,90 2:33 41,39 3o01 41,87 3.30 41, 86 3,45{4 1,34] 3,66% 1,82 
1 35 3500 42,33} 2, 19 42,37, 3+37 42.85] 3,56 42.584 375 42, 82 
43,29 3e 263.39 24543-3955 43,83 3,4 43,82 
4544. 39, 3,74 44.5 $8] 2,344, 36 87455 3,73 44-33 3.92044,8 1) 
| 8.45959 35 45.87 34748530 3,61 45,34} 3,8 1045,83 4,0014581 
246, 8% 3,28 45, 22 346 45 * 3,6946, 3g 3»39{ 46,82 410046, 80 
4347.88 $3547 587 3» 56 '4785| 3,7747»34| 3.97 482 4.18 47,80 
4948,83 3.42, 45,37] 3» 538.8 51 3:34.48, 33] 4,0648, 8 10 4.2743, 79 
| 3-49, 49436 327 1,49:35) 3924.8 30 414[49,31] 4,649.79 
2 356, 8580 37850, 84 2 50, 83 4,2250, 8 44995957 
5535,80 38 9517,84 4,0857, 40 4.31057, 80 4,305 7,78 
f 50% $20 6 2932,84 4,1652, 82J 4, 39 52, 80 4762 52,78 1 
3,77 5,8 / 4,00153:39 4,2463, 820 4.47 53,80 4,71 53577 — 
37 3784 7585 4,0834, 83 4, 3254.8 10 4,56 54,79 4579} 54377 72 2 [eb 
224 803 5 411555983 4559 35581 4,64 5579 4,8805577 5,1485,74 7e! 
528 56,84 4:23 867820 4,475,814, 256,780 4497) 56,76! 5,22150,74| 54% 5 * 
4,05 58 4 4,30 57, 92 4, 65 5 780! 4 80 5777 5,06 5776 $+31157»73 | 305 
85 24 5 — 78529 4.37 58,8 96363. 80 489 58,7 552805 58,75 5-40 25 5566 | 225 
2 . 4,19 5984) 4+45 59 32 4271159979 4:97 4:97; 592771_©+22' 59.7 42 $9472) $175 S002) = 
Dep. Dep. Lat. ' Dep. Dep. | Lat. hw Lat. | Dep. "Dep. | Lat. . Dep. Lat. \Dep. | Lat. . 5 
45 Min. | 30 Mm. I 15 Man. M.n. | o Min. 7 45 Min. | 30 Min. — 4 
85 Degrees 11,4 84 — 2 


91 
E, 67. 2 
ABL — 
VERSE T == RE 
TRA 2 DD a Degrees I 21 
— 22 WER 
— 7 0 Min. Gus I r Lat. . | Dep. I | by 
Min. || _© | Lat. | Dep. . 62 
Min. &5 12 La. Dep. 5758060, 72 55 7 69 6 | 
Min. | 3 | Lat. | Dep —— 553250774 * gR 5924 62 3 
Min. JEST ELD | 5,05} _ 5:40\6 1,74 _ 62,71 . . * | 
. ST e $14 /9197 b bags 68 
S | * 3573. 64,70 65.6 | 
6) 10433 606 1 + 2,78 5˙² 62.76 55 3 579504 6,33 "2 07 
— 432 51783 7 9 4:9 8 5730 hs 5,67. 677 6.0 65,70 266, * 
ta my 4062,83 *s 63 800 5,0 220 5,38 — $47 5105.72 6,23!66,69 9 67,66 bo 
A628 85 44 63, $2 477 80 gol 47 5547 6557 5,34 66,72 6. 22 67,69 87 168 65 6, 591 © 
6; 9 al 447 82 4,81 wo 5,18 35,77 66,7 67,71 « 68, C3] 6 ' 69,65 7,07 4 
48. 475 55532 4,89 65,30 5.26 66 77 57667774 3 68,71 64162708 68 6,71 69, 
0 617 97 - 277 39 68,74 6, [ 22 ; 151 70,6 
955 80 12750 2 8 9 py 68,76 * 69,73 — = _ 6,50, — 70.67 1 715,6 
70 7 . — — 7 7 
66 $3 * 38, SI e 51420976 58 77 50 — — 2865 
6 8 83 4, g 59,81 511% - ry 70,0 5 671,73 _ 0 72,69 6 66 
76985 4159, 21 5,26 2979 * 11,75; 329 2,72 6,3 173,69 6477 280 
. 470 5 750 734779 272.75 * 5245 4.69 6,3074.66 
71 * $4027 * 541 72,78 55 33 75 977 4 71 7 68 — 2 Fi 
7451,82 55 80 55873. 6,2174 21/3998; 5176, 
72 22,32 $109! - 80 5 6 77 5,95 14914 6,297 5-71 = 76,68 * 77764 114 
K 571 4.70 1 5˙9677 5574 6,38 76,71 6,80|77,67 2 751 1 
ö 5 82 53 — 79 998.75 6,0476, 74 6,46, 77579] 6,89 58,0) — 797,63 Fl 
1 5581 5˙3 6,79 5-717 * 55 2272˙72 6,54 78,70 6. 717960! 7» 7770 4 
4 37 70, 877,7 2 78,73 bl 0 297 * 4 
17 men 2 m 2 36 78,76 8 7930 6, 5 988 7 Lesers 2 ö 
Brew 53879778 282.25 6, 3670,72 — 81,69 71248265 [7 
45 22. 1 . l. . 65 1-8 
Toke ator i274] 6.7 50 1 1 
fuser 7 0 . I 6,55 —— — 84,68 7 2.30 5,64 14 a 
8 32,30 579 8 7 6,67 84,71 * 135,67 7585 6, 63 88 ! 1 7 
8. 5580 55 8 5 7 6,7 35271 2 86,67 ” 37563 8 8, 825 8289 f 14 I. ifs 
| & z. 9 22527 8386,70 7, 87.67 77667 6 ob 95 2 1 f 
N ©4370 3 6 6, 3 29 87 6.88, 3 8 89-50 il} 9 4 | 
e eee Pe e bababey Lugek 190656” ger 98 1M 
(185,79 7086,76 6.91197, 798460) 757 89.85 90,58, $,729 2192 4 ' | ak 
76,79 6,0 37.76 6 98 38,70 E 89.50 Ty | YON IpGS '$,32 4 5 8 827915 | — 93 16 
c 6, 514 77 A 6689.69 79 | 8,4291, 2 92,53 bl * | . © bib: 
8 779 88,76 7,06 90,65 , 7, $. +92 ; | ug 4 : 
848,78 i222 ol 19,72! 71482 7:54 9 2 8531552, _— 9,01, — —— 95 i 7 
' 89,79 6,2 75 6 — 92 % 8, — | 951 557.55 9,61 90 4 
22 8 6 6,35190, $ 2,68 7 — 245 20 955 if 97 9, 
410,7 049 2, 8 93,6 + $1 5756 9 6.81 977 1 
| 78 94775 hs 8 68 7.7 64 8,7 9 : 20190, 5 $1] a8! 1 
2178 39193» 87 94, „8896, 5 5 9, '; 9921] 98 $1 
J 4 6,40 92575 Ty 75 6 8,8 1905, 3997, 5 1 | 144 
4577 6795 332 Loy 0952557 2 $97197»55 9.49098, z0 — — 15 
N 44 775395 8,03 96, 8 3,85 9549. Oi 10,0 33 $1 
| 05404477 73 94»7 7561 96,67 4 2 975,63 9,0 2 54 9,59 = 1 1 
5877 649 70, 95974 7565 97,60 guard 98, 62 8 8 9» 1 5:39» 54 "> 6a 109,5 e 1 
| 20676 927096 * : * 98,66 rs 99, 262 5,72 9424110045 3.791015 10, ſe FRE 
98} * 584 97» 35 | ©» G 9.33101, 5 827 102, 5010, 3 M' | 
90, 5798,75 — 8,36 3 9,43 . — 10 58 10, 5 
eee 2.45101. 2.2 Sh Fl 
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J 144} „2344 6,7 734033. 38 5,40 44132» 34 6,5 $122,321 * 
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0,28 
955 
05,8 
1512 
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1,96 
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1,91 
2,87 
3782 
4978 
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3-58,12,48 
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11.58 40, 32 11,7 40, 27 
11,8 541,282, 03041,23 
12,1342, 2412,31, 19 
12,4043, 2012, 5943,15 
12,68 446 12,87144,11 
[2,90] (45.19): or 5,07 
I 3,2 ra l 3:43146,02 
7104 
8,00 


10,82 

11,11 
11,40 
11,70 


11599 
12,28 


12,57 
12,36 
13,15 
1345 
13574 
14703 
14,33 
14,62 


Dep. 


e 


15 15 Min. 130 iin. I f le. 


„ 


F e ö 


* 


14733 
15728 
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Dep. 


Lat. Dep. 


Lac. 


3537054803 
3561 — 


2675728 


27,620 8 
a3 $7) ts 


a 15 
4783 16] 
$413)r7 


5249118 


13,72þ 
14, 2 ˙⁰ 


o Min. 


| 


45 


Min. 


30 Min. 


a2UPY1 


2 — 892 24222223024 
Dep. Lat. | Dep. | Lat. | Dep. | Lat. Dep. Lat. 
* 45 Min. 20 Min. | 15 Min. in : 


| 73 Degrees 3.3 


74 Deg. 


72 Degrees 


— ̃ ͤ a —Amꝛ 
r ne ꝙj—Ü—E—q — — SM. — . ̃ —e— Coo — — 


TRAVERSE TABLE, 67. 103 


—_— 17 Degrees | | 
45 Min. | o Min. | x5 Min. | 3o Min. | 45 Min. 
Dep. || Lat. | D Dep. | Lat. | Dep. | Lat. Lat: |Dep. Dep. 


17, 58058, 33 18, ogls8, 1818, 34/58, 10 18560 61 
12,8759,29 18,399, 3 18,64 59,0518, 90 62 
18, 1660, 2 5 18,6850, 08 18,95,60,00 19,21] 63 
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they 9,9920, 73069, 9002 1, 0469, 8 10 1, 3469, 72 2 1, 6569, 62 21,9569, 5322,26 
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21 — (L- | Dep. | Lat. |Dep.| Lar. | Dep. Lat. | Dep.] Lat. = pop Ds 
5310 0,95 0,95] 0,32] 0,95] 0,32 ©, 05,331 Qz 07537 | 
| 0,62 1,90 1, 0,6 1785 0,6 1,39 0.66 1583 — 120 A l 
0393} 2,85 2,84] 0,95] 2, 84 0,96 2,33] 0,99] 2,83] 1, oc] 2,8, Ng J 
1, 243,80 3579 227} 3579] 1229 3.78] 1532] 377 3576 130 Y 
4375 42744 1,5 22 1,61 4,72] 1,65] 4,71 1, 4.71 by 5 
2 1,90] 5,680 1,93 5,66 1,95] 5,66 2, oc 55650 2.0 ö 
564/ 2,22] 6, 63 2,25 6,61 2,31] 6,60 2,34] 6,55 2:56 1 
7959] 2234] 7557) 2257 7255] 2,84 7:54] 2567] 2,53 2,74 6 
8,53 278 3, 52 2,89 8,50 297] 75 Joo 8,47 vag « 
13] 9:48] 3-17] 9:47] 3921 9:44]_3»39] 9:43] 3»34] 24, J fh 
344/70, 43 3,4910, 42 3,54 105380 3,63[10, 37] 3767 10,39 777 
3.76011, 38 3,8 1,36 3,8611. 11,33] 3,9611, 310 401Þ11,29 4 » 
407112 33] 4, 1212, 31 4,18 2327] 4-29]12325| 4,3412, 24 4,30. 
438013, 280 4,443, 26 4 5 1322] 4,6213, 26 4,671 3, 19 4, 
4, 70014, 220 4, 70/14, 20 4,32 4,16 4,9 84, 14 5,04, 120 501. 
5011 5,17 5,0 77 5 8.1 15,110 3, 27/15, 08] 5, 34r 5, 06 5,41h; 
5,3216, 120 5,396, 10 5,46 16,05 5.50, 0] 5,67[16,00 5, ry 
5,6417, o) 855 17,04] 5.7 16,99 $9 16,97] 6,01[16,94, 6,083 
5,95113,02 6,0 1595 6.11 17,94 6,2 27,91 6,34[17,88] 6,42]1, 
6,2618, 97 5 18,94 6,43 51018, 88 6 6,5918 „8818,82 6,74 
6,58 19.30 56 79,5 6,75 419, 83] 6,9219, 800 7,0119, 760 7, 
6. 820, 6 6,9 0,83] 7,07 20,7 75253074 
7,20Þ1,81| 7, 300K 1,780 7,39 21,71] 7,5 NJ, 68 
IS 22,76 7.612,73 7571 22,66 7,92, 62 8 
783 23•71 — 3,67 8, 23,60] 8,2. 
8, 144. 66 8,24, 62 8, 3 24,55 8 
945 5,60] 8. 57 8,8 25,49] 8 
8,771[26,55] 8, +51] 9,00 20,43] 9 
9. 0E), 50 9:20ſ27,46| 9,32 27-38) 9507-3 9,08127,29 
9 3928,45 9,52]28.41] 9,64 28, 32} 9, $,28110,01}28,23 
9+71129,40| 9,8 9,96 29,27(10;22129,22|10,35|29,18|10 * 
10,02[30,35[10,15}30,30/10,29 30,21 105 30, 16010, 68Jz0, 12010, 81,32 
IO, 3381, 2910, 4731, 210, 61 1. fe, 1,11} 1,013 1,0 
10,65 2,2410, 79032, 19010, 93 32, 10011, 2 132, oft, 352, oc 
10,96; 3,19] 1, 11033, 140 1, 2533,09 ff 1, 3933, 0401 1, 54032, 9911, 682,94 
1127134» 1411142134, * 34-0411 14721133299} 1» Fer 33˙88 
11 3935.09, 1,435, 934.9812, 0534, 930125 20 12,3884, 8212,05) 
1,9036, o4.1 2, obig 5, 98012, 21 35993 12,37735,58 — 386 212,68 875 12,8428 
12,027,912, 2136,98/12, 3736, 93 (2354 36,38[12,70||\36,32|12,861]36,76|13,02]3 43 [3,19 55 
39137>9912>53]7-93/12:69j37,88/12,86137,82/1 302137,76]1 3-19]37>72] 32351370 27 7 
12, 8438, 88013, ol 33,31 31 13,18 33,77 13, 3438, 711 3,5238, 65 13,69 38, 50,1378 
13,859.33, J39,77ſ 3,5 39,7 13,67 39,6 l 3,339,530 4,0 29.53 0 
„84/13, 4640. 7801 3,6440, 721 3, 82040, 66,4, o040, 6014, 180 53 14.350,47 14,75 
793,781, 730 3,9641, 6614, 144 1, 60 75 41,54 149510614 48014, 694 7,414,874 
42, 74,14, 0942, 674, 8042, 61014, 4742, 5514, 542, 4814, 8442, 42 15,0 15317—＋ ) 
+3»75|14+2114 3091144044 3, 624, 6043, 564, 7943,49 1.9804 43:43] 5337143» 39| £52 3543229151507 
470% 4, 52144,63/14, 721449 574,914, 51/1 5, 104, 44/15, 30 44, 37/15, c 44, 3911 5509144923115: 1 
4804 5,6548345, 5815, 35.525, 234 5,405, 43045 3915,63 46, 32/1 5, a6, 5 10,02þ go 16,2245 
4.615. 24046, 5311 5-346,47/5-5946,4011 5, 7548, 33,5% 485260657 5,1916, 3646, 1216, 5949 
2. 51451474311 5,66147,42'1 $,36/47,35|16,071|4728) 16,28|47,2116,43]47,13 16,66 £70 16,9950 
51]45,50\1 5,76]}148,4411 5,9 43, 36116,1848,2 16, 3948, 2216, 6048, 1 5]16,8 48, o 17,02148, 17,235"! 
5249,45, 6,07149, 3816, 49,3716, 049, 2416, 7 149, 1716, 9349,09 17,1 27027, 30145194 1715 A 
5 50, 41016, 3850, 33076, 60 50526 16,82 50, 19017. 04050, 1117, 2550, 047 979617769 ö 199153 
5451, 3616, 6951, 28016, 957,2 17, 1351, 6 51061775 50,9817, 8050, 9018,03 82 105 4 
552,317,052, 2377, 2 $2,1617,4552,o8/:7.68 52,001,911, 9218, 1,8418, 3 Ys 1-76 15,5915 
565326173053, 18017, 543,1 13.27 3503018, ooſ52, 9518,23 52,8718, 2,79[18,69 $247 1113925 
57154,21017,61054,1 18˙78 315440 * 539 18, 3253,89 18, 56 53,8118, 7905 3,7 3119-9 356579750 57 
5855 5,162,925, 08] * 15 5-00, 18 3.49549 13,04/|54,84/18,88 54.76.19, 12]54-67] 19» 3654,59 19-0?) 
5g 122 56,0318, 4805 99 7 725 FH 71118,96\|55,79[19,21j}55,70/19,4 55962 19,6915 5153 1999459 
160457 0011 8,5456, 98 18,70 5 —— 82 19,290¾50, 73 19,53 56,64 19,7 19,785 6, 56.20, 8942 4 
E 5 Lat. || Dep. | Lat. | Dep. | Lat. | Dep | Lar. || Dep. | Lat. | Dep. | Lat. | Dep. | Lat- Dep. | Lat |S 
lin. 45 Min. \ 3 30 Min. Is Min. | o Min, 45 Min. 30 Min. 15 Mins F 
ir 72 Deg. 71 Degrees 2, 


1 


TRAVERSE TABLE, 67. 105 
18 Degrees 32 e z 
15 Min. | 3o Min. | 45 Min. © Min. 15 Min. 30 Min. | 45 Min. 5 
. | Dep. | Lax. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. Dep.] * 
19,35157»70|19,61||57,68 20, 11057, 5000, 3657, 4120, 610 61 
19,6758, 7719, 9358, 62 20, 4458, 4420, 7058, 3 50, 95 62 
19,99 59,96 20,2 559,57 20377159939} 112. 3159+29]2 1,29] 63 
205,31 60,60 309g? 60,1 21, 1060, 3302 1, 360, 2421,63 65 
20, 626 1, 5 5020, 8961,46 41,4 01,27 1,181, 
20, 94062, 50% 1, 2162, 40 21,7662, 21022, 0362, 12 
212 23+4412 1554193235 22,0916 3, 16 3506 
9,21, 5864, 39 1,8664, 29 22, 4264, 1022, 70064, oo 
5,62 21,32 65,5421, 6 106 5, 4302 1, 8906 5, 342, 18065, 24 22,7 5b 5, 423, 03064, 94 
| 21,6366,48/2 1,92j66,38|22,2 1 6,28|22,50|66,19 23,086 5, 98/23, 376 5, 88 
| 21,94 67,4 3|22423 67,33 22353 67,23/22,82\67,13 23,466,932 3,7066, 82 
| 22,25 68, 3802 2, 5068, 28 22, 8 5068, 18/2 3,14|68,07|2 237410787 7476 
2552 2,55% 22775 69,23 2 3,47169,05f2 24, 768,8 124, 3768,71 
| 74470, 3zͤ z, J 7, 283, 770, 23,7969, 97 24, 4069, 7624,09, 65 
7 1535 2173 223 71,12 24,11 m_ 2437 I 2550470, 59 
| 76]72,25/2 3,4872, 18023, 60[72,07 (2424-3}7 1,90] 2 50017 1,0412 533717 1,53 
| 77 3923/2397 97 331 31244 C1 7 3,02 24,7 5172480] 25,3972, 58,2 55,47 
008 24143]7 3»97 12510717 3375 25,72% 3,5 32030417 3:4 1 |2 
| ; _ — NS 44 25,39 74-29]25972 7475 * 7 4234 26537 74735 
0794002427217 329912350517 5207 c (£527 117 5204129030417 5953 293 3717 51411293707 $229 
5775, 76, 920 5,376, 8 112 5,7 26,0476, 59, 6,37 76,47/26,7 70,3527»0417 6,23 
$2177 99/2 5,34 77,87 520317 7,76 26,36177,53/26,70[77,41127,03]7743427537]7 , 180. 
78,94% 5,6578, 32 5,9978, 7 16, 34%) 8, 59 26, 6878, 4827, oz 078, 367, 3678, 24277 1/8, 1208 
| $:179,59/2 5,969,776, 319,666, 6579, 54 27, 029, 4227, 35079, 30% , 69.79, 18028, ogg, ob 
8550,84 26,27 80, 2202 6, 6280, 6126, 9780, 49027, 32080, 3727, 780, 2 58, o 280, 12028, 3780, co 
| $6]31,79 26, 981,676, 9381,56 27,298 1, 44 7,6481, 3128, 0081, 198, 35]8 1,0%28, 7 30,94 
87552, 746, 8082, 6227, 2482, 50027 27,9782, 26028, 32 82,1428, 5882, 0 129,048 1,88 
7 677793757 27,56 83,45 2779283, 330 83,2 1028, 6 5083, 829,0 18 2,9 5 29,3782, 82 29,74 | 
ea 50184352 27,8764, 40 8, 2 84, 1528, 9884,02 29, 3448 3,8929, 3,7630, 89 
2 5922,88 547 8,1808 5,35 8892923984222 25628428. 292484207410 go 
2 8528•5 OE 28, £0186, 30 52 86,429,638 591 30,07] 5,78 39,35} 5,65 30,750 91 
| HS 3.722777 82,25 56,99. 9,9 5 86,8630, 3386,72 30,7 186, 593 7,09 92 
| 5 458, 7488, 32/29, 1288, 190 87,9330, 28 $7,80j30, 66 87,6731, 487, 5331,43 93 
| 94 bags Lage 89,27 29, 89,14 8,88 30, 60 88,74 30,99 8,61 31,38 88,47 31,70 94 | 
5 2 90, 2229, 7 5190,09 89, 82 30,93 89,693 7,32 9,5 51317 189, 4132, 10 95 
8 791, 1730, os, o 90,7731, 2 5 90,63 31,65 0,4932, 0 90, 3532,44 96 
| 97 259,972, 1230, 3891,99 30,7 97771 37,880 7,58 1,4432, 389 1, 2932,78 97 
927203, 2893, 30, 992,93 92,6637, 90,9, 52 2,39 32,7 192, 24331 98 
xi, 55k, 55599402031, 093, 88037, 4 93,61(32,2393.4 532633,0893,18033,45 99 
[Jn 222 2232948331572 9455022694241 4+2 01333594, 1213379100 
005 8, 31,21195,92131-65/95.78 59278 55563516 
FTETTVTFTVT0TT0T1T0TT 
10% * 3's 39282 32,68 97»>393 3» 53197»24| 7091 34-39196,94134,81 103 
[roche 86 199478 33.0 98,333,888, 18] 8.03 34.727, 8835,14 /104 
lothoo, 52 —. 235 99,28 34,1899, 13 8,98 35,0 fJ08, 82 35-48 105 
107 2 Oz 234,510/100, 1 9,9235389, 7613582]; ob 
ne age 33506101, 6 3379 771. 101,0 oo, 93 5,72 — 36,16 na 
oe oy 2 oa, 6 34, 27J 0, 334,720, 35,160102, 0 5,6 10 f, 8 36, 05101, 36,40 108 
. 23257 103, 5 34, 59103, 23 5,4103, 135, 480102, 9 102,36, 380102, 636,8 roo! 
bers 3 2642213351482 387274703, 3622J0 3.6/7, 17128 
11 = 6 — 105, 434,7 00106, 3035, 224106, 1035,68 105, 36, 14/104, 8 104, 637,0 5fl104, 37,5 * a 
11 ee 35% 1% 06, 43 5,07% 06, 2 36,4605, 36,9305, 37, 3910 5, 513785]: 12 
1. * 3492102, 335, 390100, 2 36,79 42 37261106, 5 37,7 2106, 4 38,18 1 
11 — 108, 33 5, 70008, 1036 37,110), 637, 58107, f 38, og. o/, 338, 5: *$4 | 
11611, 35,85 109621390 log! 3744/7108, 632,9 08, 438,39 108, 3 38,8015 
0, 036, 3301 10, c 32.760109, 538, 2441 09, 338,7 2109, 239, ac 116 
6.38, og 110, 538, 5 1 10, 339,06 110, 239, 54 117 
638,421,438, 90 17,2 39,39 11, 139,87J118 
38,74 112,3 3952 112,2 3997211 12,0/40,21 119 
22 11 323/39»50]! 13,1140,06 113.0140, J 
| Lat. Dep. | Lat. Dep. | Lat. | Dep. | Lat. - 
Min. | 15 Min. [o Min. | 45: Min. | 30 Min. | 15 Min. |? 
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TRAVERSE TABLE, 65. 


20 Degrees = 330 21 Degrees 
— . — a 5 
5 Min. | 30 Min. | 45 Min. | Min. || r5 Min, | 30 Min. | 7 ir | 45 in . 
Dep. Lat.] Dep. | Lat.] Dep. | Lat. | Dep. Lat. Dep. Lat. Dep. Lat, | Dep, TITS | 
.— 0 — — ey. 
54 5,94 0,35] 0,94 9,2 , 36 0,93) 0,36; 0,93) 0,37) 097 5. 
0,68, 1,88, o, 69 1,87 1,37] 0, 72 1,86; 0,7 188 as ay +; 927 
1,03 2,82 1, 04] 2,31 2, 80] 1,08 2, 80 1,09; 2,79 1,1 2,79 ” 
1737 3275] 1239] 337 4 3-73] 430 3973] 2245} 3572] 1347} 3,72 
1710 4,69 1,73] 4,63 4-07] 179 4:66] 1,81] 4,65! 1,33] 4,64 
2305 2,08] 5,62 3˙20 2,15 5259] 2,180 5,580 2420] 5,57 
2339 2,42] 6,5 6,5 2,10 6,52] 2, »$1] 2,57] 6, 
274 7251] 2377] 7,49 7:47] 2,87 2,46 2,90] 7,44] 2,03] 7,4 
50 8,44 39121 8,4 8,40] 2-23] $,39| 3,26 8,37 3,30 8,36 
342 9»33| 3-46] 943 9,34) 3,88 9+32| 3-62] 9,30| 3,67] 9,2 
3276 = hey 10,3 10,27] 3,940,250 299110323] 4, 0723 
4,101, 26 4,15jrr, 11,200 4, 301 1,18 4,35] 1, 17 4,4001 1,1 
4,4%12, 20 beta: n 5 77 1112310) 472,07 
4,7 9/3514 4,8 50(13,11 307 5502/1 3,05 5.073,03 5,1 3l1 3, oc 
5134.07 5,1914, 14,00] 5, 3813,98 5,441 3.96 SEP 1 
„47% 5,01, 5, 54499 2 3.5875 55801489 5,86114,36 
581 185 588 1 5,92 1 5,87] 6,091 5,84] 5,16[1 5,32] 6,231 5,79 
6,161 6,89 2 16, 80 6, 4516,78 6, 5216, 5 6, 6001 6,2 
. 6,50 17783 6,5817, 1774 6,8117, 71 6, 897,68 6, 967,6; 
6,848,766, 9218, 18,67 7517/18, 64] 7, 218,610 7,3 U 8, 58 
7718019, 7,2719, 67 19,61 755319957 
75,5220, 64 7,610, 61 7580120, 54 7588.20, 50 
7587/1, 58, 2.96% 1, 54 3,1521, 47 8,24% f, 44 8 
8,2122, 52 8, 3122,48 3, 5022,41 8,60 22, 37 
B55 23,46 8,65% 3,42 8623, 340 8,96 23, 30 
, 3924, 39 9,00 ·4. 35 992 11[24+27] 9,324.23 
7 9,2357330 9+35[2 5,29 9,5732 9,68 25,16 
2826,31 9,5826, 27 9,696, 9792026, 1410, 036, 10 
9,92 29,2 115,047, 1 1,273,710, 30 27.03 
10, 26 8, 1 f 10, 38 8, 10 10, 63028, ii, 77, 96 | 
10,bo[29,0 10,73/29,04 10, 98028, 9411, 1128, 89 791 8067 
10,9 530, 021 1,0012 9,97 11,34 29,5711, 479,82 29,7211, 86032 


3331,01 1,29030,9 [1,42 
3431,91, 6301,90 1,77 
3932, 897,97 32,34/2,12 
[3913 3,$3]12,31113 33711234 


37134»77|12,66134971|12,81134,66[12,96[34,60 
354621 3:1 513595911 3o31[352 54 


138]3 5,711 
: — 36, 59,13, 50036, 53/1 3-6 


| 39136, 6511 3,34' 


12,2 32,73 12 


12,0531,74 
32,68 


33s7212,61133,67112,7613 301 


8011,83 * 


12,1803 7,69 
12, 5432,62 
12,90033,55 


134352481 3,62|35,41 
1 33213034 1\1 3.98136, 35 


I 326134448 


30, 62,2383 
31, 53]12,6034; 


13,9 3135129 1420Þ 
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2. As meridians are circles on the terraqueous globe, meeting in 
poles, it is obvious that any two of theſe circles muſt recede more from 
one another at greater diſtances from the poles ; and at equal diſtances 
from both poles, or at the equator, the diſtance. between the meridian; 
the greateſt, | | 9 


The true place of a ſhip at ſea depends upon its diſtance from the 
equator, and from ſome noted meridian ; and — the meridional di. 
tance, that is, the diſtance between two meridians, varies in every lai 
tude ; it is therefore convenient, that this diſtance ſhould be reckons 

In a fixed latitude, and where the degrees are of the ſame magnitude vin 

_ thoſe of the meridian; which can be only at the equator, where 60 nw. 
tical miles make a degree. EE ate rye * 


3. Now a ſhip failing from any latitude upon an oblique rhumb, uni 
ſhe has made a known departure, by the rules of plane failing, will reckon 
herſelf under the ſame meridian, whether ſhe fails to the northward or 
ſouthward. But from what has been faid, this cannot be true ; for the 
fame meridional diſtance, which in this caſe is taken as departure, will 

not ſerve two different latitudes on the ſame fide of the equator ; there. 
fore the common methods of plane failing alone are not ſufficient to ſhew 


the ſhip's true place, a neceſſary correction being wanted with reſpect to 
ner longitude. 5 | 


The incorre& method of plane failing was probably founded on the 
manner in which the ſea- charts were at firſt conſtructed. For it bei 
moſt convenient to repreſent the meridians, parallels of latitude, and 
chumb lines in ſuch charts by right lines, where the meridians would be 
parallel, and the eaſt and welt lines cut them at right angles; of conſe- 
quence the diſtances of the meridian in every parallel were equal to the 
diſtances at the equator ; and a degree on any parallel of latitude, was of 
the ſame ſize as a degree on the equator : hence each degree of longitude 
in thoſe parallels was increaſed beyond its juſt ſize, in proportion as the 
equator, or its radius, is greater than the parallel, or its radius. 


4. Theſe material \— omg againſt the ſea-charts could be removed 
only by adopting a different method of conſtructing them; and it had 
been hinted, ſome hundred years ſince, by ſeveral perſons,. that the de- 
grees of latitude in ſuch charts ought to be lengthened as they approach 
the poles. Accordingly Mr. Gerrard Mercator, a Fleming, publiſhed 
the firſt chart of this kind in the year 1556, in which the degrees of lati- 
tude were gradually lengthened from the equator toward the poles ; but 
in what manner, or how the chart was conſtructed, he did not ſhew ; 
neither were thoſe degrees increaſed in the true proportion. | 


5. About the year 1590, Mr. Edward Wrigbi, an Engliſhman, diſco- 
vered the true principles upon which ſuch a chart ſhould be conſtruct: d 
which is to increaſe the degrees of latitude as they approach the poles, in 
the ſame proportion as the degrees of longitude decreaſe on the globes. 
Rut it was not until the year 3599, when he publiſhed his erxors in Na” 

| 8 vigation, 


Book VIII. GLOBULAR SAILING. 133 
. «on. that he ſhewed publicly the principles of the true ſea-chart, and 
the method of . * notwithſtanding Mr. Wright was the 
inyentor, the charts made on this conſtruction are called Mercator 

charts. However, as a true method of computing a ſhip's place at ſea 
Joes not appear to have been known till Mr. Wright publiſhed the faid 
book; therefore, although the chart may not improperly be called Mor- 
:at5r's, from his being the firſt publiſher of a chart of this kind, yet the 
Mr. Wright. 


6. The difficulty of conſtructing a true ſea-chart ſeems to have con- 


ſiſted in 2 a proper manner of applying the ſurface of a globe to a 


plane, which Mr. Wright happily accompliſhed by a moſt ingenious.con- 
ception; the ſubſtance of which follows. 5 


iſ, Suppoſe a rectangular plane were rolled about the globe, until tha 
edges of the plane met, and formed a kind of concave cylinder inclofing 
the globe, and touching its equator. - 


2d. Conceive the ſurface of this globe to ſwell (like a bladder while it 
is blowing up) from the equator towards the poles, proportionally ia la- 
| titude as it does in longitude, until every part of its ſurface meet that of 
the concave cylinder, and impreſs on it the lines that were drawn on the 
globular ſurface, | | | 


zd. Then the cylinder, or rectangular plane, being unrolled, will re- 
| preſent a ſea-chart, the parts of which bear the ſame proportion to one 
another, as the correſponding parts on the globe do; and in which all the 

lines will be right lines. . | 


For in this formation of the nautical chart, every parallel of latitude on 
the globe will be increaſed till it is equal to the equator ; and fo the diſ- 
tance of the meridians in thoſe parallels will become equal to their diſ- 
tance at the equator ; conſequently the meridians on the chart are ex- 
preſſed by parallel right lines. 


Allo, the meridians being lengthened as the parallels are increaſed, 


every degree of latitude is ap wn in the ſame proportion as the de- 
grees of longitude are increaſe 
latitude become wider and wider as they approach the poles. 


Again. As the rhumb lines on the globe cut the meridians at equal 
angles, they will alſo cut the meridians at equal angles on the chart, and 


conſequently be expreſſed by right lines; ſince none but right lines can 
| Cut ſeveral parallel right lines at equal angles. 
The eonſtruction of ſuch a chart Mr. Wright deduced from the fol- 
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S 


Of the Reckoning of Longitude. 
7. PROPOSITION LI. 
The diflance between any tus meridians at the 3 


Is in proportion to their diſtance in any parallel Fi — > 
A's the radius, 


To the co- ſine H that latitude. 


D t.MoNSTRATION. a Pl. XIII 


Let yPDFE repreſent the fourth part of a ſphere; E being the center, p 
the pole, ED the radius of the equitor, AB the radius of a parallel of lat 


| tude, Then the arcs BD, Pc4, will each repreſent a quadrant of a me. 


ridian; Dd is an arc of the equator, and'BC an arc of a parallel of lat. 
tude ; alſo the are Ds expreſſes the latitude, and yB the complement of 
the Jatitude, the right ſme of which is RA. (II. 3) 


Now (II. 197) the circumference of a circle, the radius of which is 


d, is to the circumference of a circle, the radius of which is As, as ED 


is to AB ; that is, as the radius of the equator, to the radius of the pa- 
rallel; or, as radius to the co-ſine of the latitude. 


Ear like arcs, have the ſame ratio which their cireumſerences ws: 


(II. 150, 197] 
And like ares v 4, Bc, are intercepted between the ſame two meridians; 


| therefore 


An are of the equator is to a like arc in any parallel of latitude, 
As the radius, to the co- ſine of that latitude. 


8. Conor. Hence it is eaſy to conſtruct a table ſhewing the approach 
of two meridians in any :atitude from the equator to the poles; or in wat 
3 the degrees of longitude diminiſh in every latitude. 


95 | PROPOSITION I. 


Any part of a parallel of latitude is to a like part of a meridian, as ru. 
dius is to the ſecant of the latitude of that on 


DEmMoNns TRATION. See Fig. 2. Pl. XIII. 
Let PDE repreſent a quadrant of a meridian, where p is the pole, and 


DE the radius of the equator ; AB is the radius of a parallel of latirude, or 


15 the co- ſine of the latitude, the ſine of which is 85 and ſecant Ec. 
Then IF : :: ED 2 KC. (III. 24) 
Or col, lat.: rad. : : rad. : ſecant of the lat. in that parallel. 

But coſ. lat.: rad. : : part of a parallel: like part of the equator. (7) 
Therefore, part of a parallel of latitude, is to alike part of the cquater 3 
As the radius is to the ſecant of the lat. to oy parallel. 

Now like parts of the meridian and equator are equal, as circles. 
Therefore any part of a parallel of 45 is to a 2 like part of a meridians 


as radius, to the ſecant of the lat. to that parallel. 


10. P RO- 


yy 


nook VIII. GLOBULAR SAILING. 35 


10 PROPOSITION III. 


5 ii ance of any parallel of latitude (A) from the equator is expreſſed 
ly po of 292 of all the arcs between the equator and that parallel, 


DEMONSTRATION. - 


Now (o) As radius, to the ſecant of the Jatitude az 
80 is a diminiſhed deg. of long. in lat. a, or a degree of that parallel, 
to a degree of the meridian. Fe, | ; 
But the degrees of latitude, or of the meridian, are to be lengthened in 
proportion as the degrees of longitude diminiſh. | (5) 
Therefore, As radius, to the fecant of the latitude a _ 
So is a natural deg, of the meridian, to a lengthened deg. in lat. a. 
Here radius being as unity, and one natural deg. as unity alſo, 
The length of a degree in any latitude is as the ſecant of that latitude, 
or may be expreſſed by that ſecant. : 
Now the diſtance of any parallel from the equator is the ſum of all the 
| ſucceflive arcs between the equator and that parallel. DES | 
_ Conſequently the diſtance of that parallel is expreſſed by the ſum of 
the ſecants of all theſe arcs between the equator and that parallel of la- 
titude, | | HG OM - 
11. Cox. Hence it appears that by the addition of the ſecants of 
ſmall arcs the diſtances of the parallels of latitude from the equator are 
obtained. „ | 
And theſe ſeveral diſtances, which are called meridional parts, being 
diſpoſed in a table -orreſponding to the degrees and minutes in a quadrant, 


IB form a table of meridional parts. 


This was the excellent diſcovery of the celebrated Mr. Fright, by 
which the art of Navigation received greater improvements than by any 
thing that had been done before, the diſcovery of the mariner's compaſs 

excepted ; and indeed, in this and other things, he fo far perfected the art, 
that little elſe was wanted beſide an accurate method to find the longitude 
at ſea, There have been ſince his time many eminent men, who have 
done much towards rendering Navigation more perfect; yet if the real 
| Uſe of their improvements be ſtrictly conſidered, it will perhaps be found, 
that they amount to no more than other methods of performing the ſame 
operations: the improvements made by Mr. Richard Norwood and Dr. 
Halley only excepted. So 2 5 


12, Mr, Wright made his table for the diviſion of the nautical meri- 
| Gian, or the table of meridional parts, as follows. | 
The meridional parts for 1 min. he made equal to the ſecant of 1 min. 
The mer. parts to 2 min. equal to the ſum of the ſec, of 1 and 2 min. 
The mer. parts to 3 min. equal to the ſum of the ſec. of 1, 2, and 3 m. 
The mer. parts to 4 m. equal to the ſum of the mer. parts of 3 min. 
and the ſec, of 4 min. „ 5 5 
And ſo on by a conſtant addition of the ſecants. 


| N 4 | — Now 


135 GLOBULAR SAILING. Bock Vin 


Now although a table thus made is abundantly ſufficient for all nay. 
tical uſes ; yet, had the ſecants of ſmaller parts than minutes been taken, 
the table would have been more correct. And therefore Mr. Ough tre 
Sir Jana: Moore, Dr. Wallis, Dr. Halley, and others, have been induced 
to ſcek methods of conſtructing theſe tables with more accuracy than by 
the addition of the ſecants to every minute. 
But a table of meridional parts conſtructed by the moſt accurate me. 
thod, haz only ſhewed, that Mr. Jright's table does no where exceed 
the true meridian parts by-half a minute, and this only near the pole ; fo 
in latitudes, as far as navigation is practicable, the difference is ſcarce 
ſenlible. | ts. Fig > 
A table of meridional parts being obtained (ſee the table at the end of 
this book) the meridians and parallels of latitude for a fea chart, in 
which the ſituation of places will bear the fame proportion to one another 
as on the globe, may be conſtructed by the following propoſition. 


13 PROPOSITION IV. 


To cenſtruct a ſea-chart, which all contain a given number of degrees of 
latitude and longitude. as 


| Suppoſe from the latitude of 23 degrees N. to the lat. of 59 degrees N. 
with 30 degrees of welt longitude from the meridian of London. 


SOLUTION, 


iſt, Write the ſeveral . degrees of latitude, included between the pro- 
poſed limits, orderly under one another in a column, the greateſt being 
_ uppermoſt. | —_ 
| 2d, Then beginning at the lower one, write in another column, 
againſt each degree, the difference & between the meridional parts of the 
leſſer latitude, and of that degree of latitude. h 
31. Divide each of theſe meridional differences by 60, ſetting the quo- 
-tients againſt their reſpective dividends, in another column; and 
theſe will be the meridional parts reduced to degrees of longitude, and 
will expreſs the meaſures of the diviſions for the meridional degrees. | 
If the meridional differences to parts of degrees, or minutes, be want- _ 
ed, they are to be taken from the table of meridional parts in the ſame 
manner. | ” OW 
Theſe three articies are exemplified in the following table; which, 
although made to ferve from the equator to 72 degrees of latitude, yet 
will ſerve for any intermediate limits, by ſubtracting the meridional de- 
grees belonging to the latitude where the chart is to begin from thoſe of 
all the latitudes the chart is to contain: from the ſeveral remainders 


make a table, and theſe will be the numbers to be transferred to the chart, 
as is ſhewn in what follows. | 


1 


—— 


3 " A —_ * 


a 


8 


—— —_— — 
P A Cr en CY K — 
— 6 tt „ CO 


* This is beſt done by writing the merid. parts of the leſſer lat. cloſe to 
the upper edge of a bit of paper, of the ſame ſize with the tabular figures 3 


then this number being applied to the mer, parts of the other degrees, the 
differences may be = „ 1 


4 TAL: 


Book VIII. GLOBULAR SAILING. 137 
A TELE for obne a Mercator s Chart. 


[Merl wal 


Mer.| Mer. "Pk Mer. Mer. Mer. : 
Deg. | Parts 


Lat. parts] Deg.| © Parts Deg. Parts 


— — — co | 
2313] 38,6} 18 [1098 
2244| 37-4] 17 1035 
2171] 36,2] 16 [0973 
42100 35,0] 15 og 
2028 33,8} 14 0848 
1958] 32,6] 13 0787 
1888] 31,5 12 0 
1819] 30, 311 
1751 29,2 10 (0603 


+ 63 4905 81,7 45 3030 50,6 27 [1684| 28,1] g 0542 
62 4775 79,6 44 [2940| 491 1616|26,9]| 8 jo482| 
; 61 [4649] 77.5 43 [2803] 4757 1550| 25,8 7 10421; 
2 4527 758 42 2782046, 24 484/246 [0361 
59 4409 73, 41 2702 45-0 1419] 23,6] 5 [0300 
58 4294 71,6 40 [2023] 437 1354| 22,6] 4 0240 
| 57 4183 69,7] 39 2548 424 128921, 3 joi89 
50 [4074 67.938 2468 | 41,1 122520, 44 2 4 | 
35 13968] 66.1] 37 [2393[39-9 1161] 19.3] 1 loobo 


4th. Draw a line AB (ſee Plate XII. to das a part of n 
rallel of latitude where the chart is to begin (which in this example is 
the parallel of 23*) ; and on this line, by the help of a ſcale of eq 
parts, lay a number of ſucceſſive diviſions to o expreſs the — — 
of degrees of longitude. | 


Thus 80 degrees of i being propa, from ſome ſcale take 
one of the primary diviſions, and this diſtance being 4 — ht ge 
ceſſive times in the line AB, will give diviſions to every **. 
longitude, and then let the intermediate degrees be inſerted, 3 AB will 
be divided into $0 equal parts of that ſcale; which, in this example, is 
the ſcale where eight ſubdiviſions or degrees make an inch: in like man- 
ner the parts of degrees may be inſerted. 


5th. From the ends A, B, draw lines AD, BC, perpendicular to An; 
and on theſe lines lay the diviſions expreſſed by the meridional — in 
the foregoing table, beginning at the line AB. 


Thus, if the chart began at the equator, and extended to 70 deg 
2 oo for 70 de ow 99,4; for 69 deg. take 96,6 ; for 68 rag 
0 © 93.8, Sc.; _ e diviſions taken from the ſame ſcale, and laid 
—_ on AD, BC, will give the diviſions for the degrees of latitude in- 
caſed in their true proportion; and the like for the intermediate parts 


* degrees. 
Aut 


In this example, the meridians and parallels are drawn only to every 10 
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But the chart beginning at 23 deg. of lat. its meridional degrees 2 6 
are to be ſubtracted from thoſe belonging to all the latitudes to be — 
duced in the chart. The reſpective remainders are ſhewn in the followinz 
table: | by 


ho 


Then theſe meridional degrees, taken from the ſame ſcale uſed for the 
degrees of longitude, are to be applied to the meridians Bc, Ap; ſo that 
the meridian extent of the chart will be 49,9 ſuch diviſions, as the pa- 
rallel extent eaſtward contains 80. . 

6th. Draw lines through the ſeveral correſponding diviſions of latitude, 
and they will repreſent the parallels of latitude ; lines drawn through the 
divifions of longitude, will expreſs the meridians or parallels of loligitude. 


degrees. — 


7th. From ſome point of the chart, as a center, let the rhumb lines be 


drawn. 


4 14. Nate, The difference between the meridional parts to two given 
latitudes is called the MERKRIDIONAL DiFFERENCE oF LATITUDE, to 


_ diſtinguiſh it from the difference of latitude. of thoſe two places reckon- 
ed in miles of the equator, which is called the proper difference of lati- 


In a chart thus conſtructed, every place may be laid down in its true 
poſition, with regard to other places, by its latitude and longitude, with 
as much accuracy as on the globe itſelf, the diſtances of the meridians 
and parallels of latitude having the ſame proportion to one another in 
both. Thus, on the globe, the diſtance of two meridians in the parallel 


of 60 degrees is half their diſtance at the equator, becauſe the co-ſine of 


60 degrees is half the radius (III. 24); fo in the chart, at the latitude of 
60 degrees, the meridional difference of latitude to one minute is double 
to the meridional difference of latitude of one minute from the equato!, 


| the ſecant of 60 degrees being double to the radius (III. 24, 34) 3 and 
the like analogy holds in other correſponding latitudes. 


Now as the meridians are parallel right lines, and are cut at rixht 
angles by the parallels of latitude, and the rhumbs alſo being ri%'* 
lines; ſuch a chart is of more ſervice to the mariner for moſt purpoles, 
than the globe is. 0 5 : 
© The properties of the ſeveral lines and angles uſed in failing b/ ins 
chart will be ſhewn in the following propoſitions, I. 

2 a 15. PR O- 


4 
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PROPOSITION V. 


15s 
if a ſhip ſails on any oblaque rhumb, the proper difference of latitude to the 


rture, the meridional difference of latitude ta the difference of longitude, | 


and the radius fo the tangent of ie . are all in the ſame ratio. 
Fig. I. Pl. 


DEzMoONSTRATION. 


Suppoſe a | ſhip from p in the latitude of 30 deg. N. fails on the rhumb 
ps, to s in the latitude of 40 degrees north, 

Now becauſe ſh2 has made 10 deg. of diff. lat.; 4 make PO, in n the me- 
 ridian, equal to 10 degrees of the equator; and draw o R 1 to W 
meeting the rhumb Ps in R. 

Then po expreſſes the proper difference of latitude. 
ox the departure. 
PR the diſtance failed in 3 meaſure. 6 

Torx is the angle of the courſe. 6 
And R is the apparent place of the ſhip. 

But having made 10 deg. diff. lat. ſhe ſhould be in the parallel of 40 
degrees 3 ; her place therefore, when corrected by — 2 be in s. 
Then Qs will be the difference of longitude. 

And pq the meridional difference of latituds. 

| Now the triangles POR, Ps, are ſimilar. 
Therefore Po: R : : : 88. (Il. 167 
/ me: 5 on .::. -. OL a) 
Conſequently. As the proper diff. lat., to the departure; 
So the merid. diff. lat., te the diff. longitude. 
And So is the radius „to the tang. — 


16. PROPOSITION VI. 


The tangents of the angles which different rhumbs make with the . 
are direttly proportional to the differences of longitude made on thoſe rhumbs 
to equal meridional di ifferences of lat: tude : Or, are reciprocally proportional 
to unequal meridional differences of latitude on theſe rhumbs, when the e- 
rences of longitude are equal. See Fig. 1. Plate XII. 


DOS ISAT Io 


Let Qs, Qy, be the differences of longitude made on the PEP PS, 
PV, to the common merid. diff: lat. PQ; alſo pw, pq, be the meridional 


differences of latitude, on the ſame rhumbs, to the equal differences of 


longitude wx, QV. 


Now yd: Q& :: Rr : t.Lopv 8 | TT_. 
on PQ: S :: R : t. Cs. | } (ul. 46) 
: nſequently QV : QS : : ex: z. gs. (II. 155) 
gain, Since R re : : PQ : QV {i 
And R : GAWPX : : — 1 (ITE 46) 
Torn R PN t. CY n (II. 162) 
: onſequently pw_: PQ; : GAQPY : 4 WwPX. (II. 46, 163) 
. | 17. PROP. 
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of 26 deg. N. Then x g mer. diff. lat. and 6 g diff. long. 
Ad. To fail from 6 to H in the parallel of 28 deg. Then G hþ=diff, lat. 
and h H diff long. 3 


m I tog k; and decreaſes her diff. lat by 1 &, from E N to E g. 


of all the differences of lat.; and the ſame of g x, the whole difference of 


_ oppoſite rhumbs ; then in each caſe the —_— of latitude, departures, and 
differences of longitude, wall always be the 


4 
[2 o : 
* 4 
: 
4 „ * 
i 
+ 
. 
l, 4 
* 
Go 
. 
1 # 
\F > 
— af 
LS 
"| 
| 
9 
* 
" 
i 
* is 4 
1 4 
|? 
* "2 
L 
Y 7 
U 
ul 0 
* Z 4 
. - 
* 
*4 
"Es #4 
1 BS. 
« 
*» # $ 
"4 
La 1 
\ 
, 
5 
by 
v4 
$ 5 
7 
' 
. 
4 
* 5 
+ .M 
Kd 
-W 
1 
U a * 
7 
* 
5 
_ * 
* 
1x 
„ 
14 0 
2 
. : 
4 © 
j 
a! 
\ 3:8 
* 
! 5 
8 
3 
4 
| 4 
U 
In 
1 
[i 
[ 4 
1 
1 
U 


, 
2 F 
2 
j 
1 
= 3 
. * 
. 
1 
#4 1 
* 
: 7 . 
1 
f 2 
: 4 
* \ 
34 . 
" 
3 
* | 
q 
= 
* 7 
ta 4 
s | 
4 1 
15 
* - 4 
11 
bi 3 
ui 
P 
= 
* 
{ 


= —_— = * 


— # SIS — 
mm, 0 
— 2 
4 ">. . 


lat. five deg, or 300 miles; and returns, on the oppoſite rhumb, in the 


— — —— & 
— —  —— ———— 
SD 7 1 - * " 


—— 
— — 


140 GLOBULAR SAILING. Bock yin 


17. PROPOSITION VI. 


Fa. ſhip ſails on ſeveral different rhumbs, the whole meridional diff. In, ;. 
equal to the ſum, or difference FA all the ſucceſſrue meridional differences of lat. 
And the whole diff. long. is aiſe equal to the ſum, or 22 of all the ſuc. 
ceſſeve differences of longitude ; the ſums being taken when they are of the ſame 
name; and the differences when of contrary names. See Fig. 2. Plate XII. 
* 
DEMONSTRATION, 


1ſt. Suppoſe a ſhip ſails from E in the lat. of 23 N. to o in the paralle 


Now Rx m=E g+6G B, is the whole diff. latitude. 

And m fx nn h, is the whole diff. longitude. | 

3d. She fails weſt from H to 1: here ſhe only alters her longitude by 
AI; fo that her preſent diff. long. is m1. 5 

4th. In failing from 1 to k, ſhe increaſes her diff. long. by & k, from 


Sth. In failing north from K to e, the diff. long. p continues the 
fame; but the diff. lat. is increaſed by K , from E g to E p. 
6th. In running eaſt from p to M, the diff. lat.  p does not alter; but 
the diff. longitude is diminiſhed from p P to p M. 
7th. By going from x1 to d, the diff. lat. is increaſed by m H from E? 
to Eg; and the diff. long. is changed from p M, or 9 , to g . 
Conſequently the whole diff. lat. E q is equal to the ſums, or differences 


longitude, 


EY, PROPOSITION VIL 


If the courſe between any two places, outward and homeward, be on the 


ame. See Fig. 3. Plate XII. 
> Demons TRATION. 
| Suppoſe a ſhip at à in lat. 25 deg. N. fails on one thumb to the lati- 
tude 40 deg. N. fo that at the end of every third day ſhe alters her diff. 


ſame manner. 5 | 
Through the interſections @ of this rhumb, with the parallel of every 
hve degrees, draw meridians ; make à d, 4 V each equal to five com- 
2 degrees of the equator; and draw d þ, F e, parallel to the parallels of 
atitude. | | | a. © 
Then are the lines a d the proper differences of latitudes outward to 
each third day's account, which muſt be every where equal ; and alfo, the 
equa! lines a Fate the differences of latitude homeward to the like ac- 


counts. 
Tie 


The lines 4 6 outward, and f e homeward, are the departures to each 
third day's account. 

„ach third day's account. | 

m__ — * lines a c outward, and a = homeward, are the meridional 
home ward, taken on the parallels of latitude, are the differences of longi- 
tude. | | 


in each account, are equal to one another. 

Alſo, that the meridional differences of latitude, and the differences of 
longitude, to the accounts between the ſame parallels of latitude outward 

and homeward, are reſpectively equal to one another. 


Conſequently the truth of the propoſition is manifeſt. 


The diviſions of the meridian line on the Mercator's chart form a table of 
the differences of longitude m— to each minute of latitude on the rhumb 


DEMONSTRATION, 


Let pv be a rhumb of 45 degrees. 

Then, ſince »q is at right angles to qv. 

The angle ol Lc, each being half a right angle. 
Conſequently M. 3 (II. x04) 
the parallels through p and Q. (11) 
And Q is the ſum of all the differences of longitude between the meri- 
dians through Q and v. | | 

' Therefore on a rhumb of 45 degrees, the fum of all the differences of 


But the ſum of all the meridional differences of latitude is the ſame as 
the nautical meridian. OW 1 
Conſequently, on a rhumb of 45 degrees the difference of longitude, or 


2 latitude, is equal to the correſponding parts 


20, In the Philoſophical Tranfaftions, Ne 219, Dr. Halley has given 
a very Curious paper relating to the diviſion of the nautical meridian, by 


by the help of Briggs's, or the common table of logarithmic tangents, 


The 
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The lines a ) outward, and à e home ward, are the diſtances run to 
differences of latitude; and the weſt and eaſt lines c @ outward, and a2 


Now it is evident from the conſtruction that the triangles adb,a f Sh 


lune making an angle of 45 degrees with the meridian. See Fig, 1. Pl. XII. 


Now yd is the ſum of all the meridional differences of latitude between 


longitude is equal to the ſum of all the meridional differences of latitude. 


the ſum of all the intermediate differences of I to every minute 
the nautical meridian 


a method quite different from Mr. Wright's ; and becauſe it contains a 
method of performing the problems of failing according to the true chart, 


without a table of meridional parts ; the ſubſtance of that paper is hers 
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The Doctor ſays: © Tt was firſt diſcovered by chance, and, as far as J 

« can learn, firſt publiſhed by Mr. Henry Band, as an addition to Nor. 
« wood's Epitomy of Navigation, about the year 1645, that the meridiay 
&« line was analogous to a ſcale of logarithmic tangents of half the comple. 
« ments of the latitude. I he difficulty to prove the truth of this propo- 
«: ſition ſeemed ſuch to Mr. Mercator (an ingenious mathematician 
then living, and) © the author of the Logarithmotechnia, that he pro. 
« poſed to wager a good ſum of money, againſt whoſo would fairly un- 
<< dertake it, that he ſhouid not demonſtrate either that it was true or 
<« falſe: And about that time Mr. John Collins holding a correſpondence 
« with moſt of the eminent mathematicians of the age, did excite them 
<« to this enquiry. | Ton 
The firſt that demonſtrated the ſaid analogy was the excellent Mr. 
* James Gregory, in his Exercitationes Geometrice, publiſhed anno 1668, 
ce which he did, not without a long train of conſequences and compli- 
<« cation of proportions, whereby the evidence of the demonſtration is in 
a great meaſure loſt, and the reader wearied before he attains it.” The 
Noor proceeds, Nor hath any one, that I know of, yet diſcovered the 
rule for computing independently the interval of the meridional parts 
« anſwering to any two given latitudes.” 2 
The Doctor then gives the demonſtration of the ſaid analogy in a very 
elegant manner; and draws ſeveral uſeful concluſions. But, as he con- 
feſſes himſelf, he is too conciſe for learners ; and the writers on this ſub- 
ject have been no lefs ſo. In order therefore to ſet this affair in a clear 
lebt, and to keep to the Doctor's principles, it was thought convenient 
to diſpoſe of the ſubject in the following manner; but the propoſition 
may be proved from principles very different from thoſe which were uſed 


* PROPOSITION X. 


On the globe, the rhumb lines oblique to the meridians are ſpirals, which 
continually approach the poles. 
DEMONSTRATION. | 
In any place on the ſurface of the globe the rhumb running north and 
_ ſouth, coincides with the meridian of that place; the eaſt and weſt rhumbs 
are perpendicular to the meridian, and the other rhumbs are oblique to 
it; but this obliquity is the ſame under every meridian; therefore all the 
rhumbs, except the north and ſouth, cut the meridians at equal angles. 
When right lines are parallel to each other, a right line will cut them 
at equal angles (II. 95): But not fo, when the lines are inclined to one 
another ; therefore ſeveral inclining lines cannot be cut at equal angles, 
except by a curve line bending toward the place where thofe-lines would 
meet. n | = 
Now the meridians on the globe, meeting in the poles, are inclined to 
one another ; therefore the oblique rhumbs cutting them at equal angles, 
are curve lines continually approaching the poles. 


22. P RO- 


ok VII. GLOBULAR SAILING. 143 


PROPOSITION XI. 


22. 


The ſpiral rhumbs on the globe become proportional ſpirals in the ſtereo- 


qrapbic projection on the plane of the equator. See Fig. 3. Plate XIII. 


Dr MONST RATIO. 

Let car repreſent part of a ſterecgraphic projection of the ſphere on 
the plane of the equator, where AEB is part of the equator, c the pole, 
Ca, CD, CE, &c. are meridians, and the ſpiral A d e f one of the rhumbs. 

Now in every ſtereographic projection the lines interſecting each ocher 
| form angles equal to the angles on the ſphere which they 1 , 
| (IV. 52 

Therefore the projection of the rhumb line Ade F cuts the radii or 
meridians AD, AE, &c. at equal angles. T7 

But this is a property alſo of the proportional ſpiral. | (II. 225) 

Therefore the ſpiral rhumbs on the globe become proportional ſpirals 
in tais projection. 


23. Cor. Hence the differences of longitude AD, AE, AF, &c. are 


logarithms of the ratios of the intercepted parts c &, C e, C f, &c. of the 
meridians to the radius c A. e 5 _ 


24. PROPOSITION XI. 


The meridian line is a ſcale of logarithmic tangents of half the complement 
of the latitudes beginning from the radius. 


DEMonNSTRATION. 


Let the Ggure CADEB be part of the ftereographic projection of the 
ſchere on the plane of the equator, as in the laſt propoſition: and on 
any thumb let the points A, d, e, f, &c. repreſent cartain places on the 
globe, of which A is a point in the equator; then will D d, E e, F / &c. 


expreſs their reſpective latitudes, and the arcs AD, AE, AF, &c. their dif- 


#erences of longitude from the longitude of A; alſo e being the pole, the 


lines c d, c e, c 5 &c. are the projections of the complements of their 


latitudes, | : | 
Now in this projection the lines c d, ce, c / & c. are equal to the 
tangents of half the complements of thoſe latitudes. (IV. 48) 


And the differences of longitude AD, Ak, AF, &c. are logarithms of 


the ratio of thoſe tangents, or of the lines c & c e, c f, &c. to the ra- 
ws CA. | Er | | 
Allo the lengthened degrees of the nautical meridian line are the longi- 
tudes cf thoſe degrees made on the rhumb of 45 degrees; whether ex- 
preſſed in minutes, according to the uſual tables, or in degrees, as ſome 
writers have done 8 | 
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25. PROPOSITION XII 


The logarithmic tangent of half the lement of any latitude in Nis 

eriginal em, divided by oboe Ec. firſt multiplied by * 

dius of the tables, exhibits in minutes the change in longitude, which will k 

made on the rhumb of 45 degrees from the equator to that latitude , , th 

lengthened degrees in the meridian line from the equator to that latitude. N 
De MoNSsTRATION. 

The differences of longitude Ap, AE, AF, &c. being on the rhum\ of 
45, logarithms to c d o e, c &c. which begin from the radius, and 
proceed from thence, in like manner as Napier's logarithmic tangents (g 
from his radius : ” | | (U. 220) 

Therefore his logarithmic tangent of half the complement of any lati- 
tude bears to his radius the ratio of the arc of longitude accompanying the 
change of latitude to the radius of that arc, conſequently it is the ratio of 
the number of minutes contained in that arc to the meaſure of. the radius 
in minutes. | | 8 . 
Hence the logarithm will alſo be to the radius of the table multiplicd 
by 0,0002993882, &c. (the are of one minute, when the radius is unity) 
as the number of minutes in this arc is to the meaſure of the radius 
in minutes multiplied by 0,0002908882, &c. that is, to one minute; 
for the meaſure of the radius in minutes is to one minute, as unity to 
0,c002908832, &c. FD | pn TY 

Therefore the number of minutes contained in the longitude, or the 
lengthened degrees in the meridian line, is equal to the logarithm named, 
divided by 0,0002908882, &c. firſt muitiplied by the radius of the table. 
26. Cor. Napier's radius being :0000009, the logarithmic tangent will 
be divided by 29c8,882, &c. | 

If the difference between the logarithmic tangents of half the comple- 
ments of any two latitudes, when on the ſame fide of the equator, or tactr 
ſum, if one latitude be north and the other fouth, be divided in the fame 
manner, the quotient thall give the meridional parts for the interval be- 
tween the two latitudes. rm 
27. PROPOSITION XIV. 

If in Briggs's logarithms the index, or characteriſtic alone be conſidered as 
an integer, and all the reſt as an appendage of d:cimals, the difference between 
the logarithm of the radius, and the logarithmic tangent of half the comple- 
ment of the latitude of any place divided by o, 00 12633114. Wc. gives the 
minutes of the change of longitude in paſſing on the rhumb of 45 ta the lati- 
| tude of that place, or the meridional parts correſponding ts that latitude. 


Demons TRATION. 


ns | | 
Briggs's logarithms thus interpreted are to Napier's original loga- 
rithms, as I to Napier's logarithm of 10 (or rather to his logarithm of the 
ratio between 10 and I) which is nearly 23025851 *, and the difference 


The number uſually ſet down, as Napier's logarithm of 10, is more pi0- 
perly his logarithm divided by the radius of his trigonometrical table, WHC 
15 the radix trom which he railed his logarith 1s. 

| | 5 named 
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named are logarithms of the — tangents to the radius. There- 
- +3. 1 1% 2908, 882, | | 1 
fore theſe divided by En, 5} (=0,00012633114, &c.) will produce 
the ſame quotient, as Napier's logarithms aſſigned to the fame tangents 
{which are the logarithms of the ratio of thoſe tangents to the radius in 
his ſyſtem) divided by 2908,882 : this quotient therefore will be the 
minutes of the change of longitude on a rhumb of 45, that is, the length 

of the meridian line. | 
28. Cor. If the difference from the radius of the logarithmic tangent, 
taken from any table of logarithms of Briggs's form, be conſidered as 
coniſting wholly of integers, and divided by 12633114, Fc. in which fo 
many figures ſhall be eſteemed integers, as are four ſhort in number of 
the logarithmic tangent taken, the index included, the quotient ſhall give 
the meridional parts appertaining to that latitude v. _ 
Alſo here, if in any logarithmic table of the common form, the diffe- 
rence between the logarithmic tangents of half the complements of any 
two latitudes on the fame fide of the equator, or their ſum if one latitude 
be north and the other ſouth, be conſidered, as an integer number, and 
divided in like manner, the quotient ſhall be the meridional parts for the 
interval between the two latitudes. : 


— 50 S8chOLIUM. 
29. The numbers in Napier's table divided by 2908, 82, Sc. exhi- 
biting the change of longitude on a rhumb of 45 the tangent of which 
is equal to the radius, the numbers themſelves will expreſs the change in 
longitude on a rhumb, the tangent of which is 2908, 882, &c. times the 
radius, and the angle 89* 58' 49//; and if the logarithm be divided by 
10, 100, or 1000, the angle of the rhumb will reſpectively be 897 4 
Ir”, 88* r' 52% or 71* 1 42”, which is the angle Dr. Halley has 


| Choſen, 


After the ſame manner in Briggs's ſyſtem, the difference of the tan- 
gent of half the complement of any latitude from the radius divided by 
000012633114, Oc. exhibiting the correſponding length of the meridian 
line, ſhould the index of the logarithm be alone conſidered as an integer 
number, thoſe differences will.be the change of longitude on a rhumb, 
the tangent of which is equal to the radius of any trigonometrical canon 

of Briggs's form multiplied by o, ooo 1263311438, &c. and the angle 
© 0' 26”, But if one figure beſides the index be taken as integer, the 
tangent of the rhumb will be the radius multiplied by 0,0012633, &c. the 
angle being oo 4/ 201“; if two, the angle will be 43' 25F” ; it three, the 
angle will * 7* 227 of”; and if four, as Dr. Halley propoſes, the angle 
will be 53* 38 o'. | 

From the preceding propoſitions all the problems relating to the true 
method of failing may be accurately reſolved ; and although they are 
here all contained under the general title of globular failing, yet as the 


65 


— — —— ———_ ſh * 
— — N * x des... ad 


8 Thus when the tables of logarithms have eight places with the index, 
= vide will be 1263,3, &c. but when the tables conſiſt of 7 or 6 places, 
diviſor will be 126,33, Cc. or 12,633, &c,; and ſo on. 

Vox, II. ME commen 
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32. Fs the co-fine of one latitude, 
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common cuſtom has been to diſtinguiſt different kinds, in which the 
longitude 1s conſidered; ſo here, in compliance with fuch cuſtom, it was 
thought proper to retain the uſual forms, viz. parallel ſailing, middle lati. 
tude failing, and Mercator's ſailing, or more properly Wright's fail.ng, 
which are diſtinctly treated of in the following ſections. 5 ; 


SECTION I. 
/ Parallel Sailing. 


oO. PARALLEL SAILING ts the art of finding what di/lance a ſhip ſhoult 
run due eaſt or weſt, in ſailing from the meridian of one place to that of an. 
ether place, in any parallel of latitude. 55 1 

This kind of piloting is generally uſed in conducting a ſhip to an iſſand, 
which lies at a conſiderable diſtance from the main land, or other iſlands; 
and alſo on ſome other occaſions. * 

The method of performing which is to ſar] to the parallel of latitude the 
place is in, keeping a good account, fo as to be certain whether the place 
is then to the eaſtward, or weſtward ; and alſo, if poſſible, to know the 
longitude arrived at; and then to run due weſt, or eaſt, until the ſhip 
conies near the longitude of the given place, where ſhe is ſure to make the 


port required. 


The computations in parallel failing depend on the following 5 
. RU LE. 
To the co- ſine of the latitude of any parallel; 


OG 
. 


So is the miles of longitude between any two meridians, 
To the difiance of thoſe meridians in that parallel. b. 


For the demonſtration, ſee Art. 7. 
From the ſame propoſition is cafily deduced the following 
*Vv RUI 2. e 


Is to the co-fing of another latitude; 
So is a given meridional diſtance in the firſt parallel, 
Ta the correſponding meridional diſtance in the ſecond parallel. 
33. And hence ariſe the following proportions = - 
wh > 08 15 4 20% WER 
8 5 ; 


THIEN 
m, DT co oo 


R D 1. 

Sc $M 8 * 
RAT IS FL 
. s 


By which al] the caſes that can happen in this kind of failing are readily 


retolved by the logarithms, and allo by the following table, calculated for 
a difference of longitude of 1 degree, or 60 nautical miles of the equit9 
by the firſt rule. Thus, 8 

As radius, to the co- fine of any latitude ; ſuppoſe 300; 

So 60 mules of longitude; to the meridional diſlancs 51,96. 

And the like to the other latitudes, Rs 

| 5 *. 
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14. 4 TABLE ſhewing bow many miles anſwer to a degree of 
longitude, at every degree of latitude. gs 


r 


Lar.| Miles Lat.|Miles| Lat.| Miles} Lat. Mie. Lat.| Miles] Lat, Mite} 


— — 


Hani: —— 


59,016 57·62 3161,43 46 47,68 61 29,09, 76 14.51 
$9-96|| 17 [57,33] 32 50,88 47 [40,92 62 28,7 77 13.50 
59-921] 18 157,06] 33 150-32] 48 f. 03 (27,24, 78 [12,48]. 
59.8519 66,73 34 4,74% 49 39,30 64 20,30 79 [11,45 
50.77 29 66,8 35 49.15 50 38.57 65 25.36 80 1,42 

| 


1 


. — — 


— —— — — — — — — — 


59,67 21 56,0 36 48,54% 51 37,76 66 24.4 819.30 
59.55 22 55.630 37 47,92 52 36.94 67 23.44% 32 | 8,35 
59,42 23 5523 38 47,28 36,110 68 22 480 837.32 
59,26 24 64,81 39 46,63 54 57 69 21,5 84 | 6,28} . 
| | 
| | 


wy 
57 


— 


O » 80 


59,09]! 25 54.38 40 45,90 55 344 70 20,52 By 5,23 


——— — —— ¶—— . 


e 1 


58,89 20 53.93 


41 45.28 56 3,530 7119.53 
58,69% 27 53,40% 42 44.5 57 32.68 72 18,54 87 | 3,14] 
3 58.40 28 52.97 43 43.88 58 317 73 17,54 882,09 
14 58,22) 29 52,4 44 43,10 59 , 74 16,54 8g 
15 i57.95i! JO 51,00 


— 
a 


— 
— 


| 45 42.43 60 30.05 75 15,53] go 0,00 


The uſe of this table will be evident from what follows : 


35. If the meridional diſtance is wanted to degrees and minutes, proceed 
thus : | N 

Take the difference of the meridional diſtances to the given degrees, ' 
and thoſe which are next greater; multiply this difference by the given 
minutes, and divide the product by 60; then the quotient. ſubtracted from 


the miles againſt the given degrees in the table, will leave the meridional 
diſtance required. FE 


+ 


given to find the correſponding degrees and minutes, 
Subtract the given meridional diſtance from the next greater, found in 
the table; multiply the remainder by 60; divide the product by the diffe- 

rence of the meridional diſtances next greater and leſs than the given one 
then the quotient being annexed as minutes to the degrees of the next 
greater meridional diſtance, will give the degrees and minutes ſought. 


36. But if a meridional diſtance, intermediate to thoſe in the table, was 


Ex aM. to the firſt Rule. | Exam. to the ſecond Rule. 
How many miles anſwer to a degree In what. lat. do 46,08 miles naſiuer 
of long. in the lat. of 48* 26' ? | to one deg. of longitude f 
Lat. 48˙ 40, 15 miles. From 46,63, the miles to 39% 
Lat. 49 39,36 miles. Take 46,08, che given miles. 


The diff. is 0,79, which multiplied| Leaves 0,55 ; which multip. by 60 
by 26 gives 20,55; this divided by gives 33,00; this divided by 0,67, the 
60 gives 0,38 ; which taken from 40,15 diff. between 39 and 40%, gives 49 
leaves 39;77, the miles required. 80 39% 49 is the lat. ſought. 

+ 37. CasE 


tl 
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37. Casx I. Given the latitude and difference of longitude ; require 
diſtance. | | 


ExAM. A fbip in the latitude of 32 N. ſails due eaft till ber differ, 
of longitude is 384 miles: Required the diſtance ſhe has run. * 


By ConsTRUCTIONS. Fig. 4. Pl. XIII. 
From any point p, with the radius of go, taken from the ſcale of na- 
tural fines, deſcribe the arc Eq; draw the chord EQ equal to 384 miles 
taken from a ſcale of equal parts; and draw the radii Px, PQ. 
From the ſame point p, with a radius equal to the fine of 58* (the comp, 
lat.) taken from the nat. fines deſcribe the arc AB; and draw the chord 
AB, the meaſure of which is the diſtance ſought. f 
| Here Þ repreſents the north pole; the arc Eq the equator ; the arc az 
a parallel of latitude; the chord EQ is the difference of longitude ; the 
chord AB is the meridional diftance ſought; A is the place failed from, 3 
the place arrived at; and the radii px, PQ, expreſs the meridians of the 
places fo failed from, and arrived at. | 1 


By CoururATTOoN. 


As radius = 9 oc 10,00000 
To co-ſ. lat. 00 9.02842 
So miles long. = 384 2,58433 
To miles diſt. =  $ngb 2251275 
80 that ſhe has run 325,6 miles. f 
By the T ABIT. 3 (34) 
1 =. Seek the miles to the given latitude ; multiply them by the given diff, 
7 longitude ; the quotient divided by 60 will give the meridional diſtance 


ht. | 
Thus. To lat. 32 anſwers 50, 88 miles. 
Maultiply 384 the given diff. longitude. 


| 60)19537,92(325,632=merid. diſt. ſought. 


* This and the conſtruction of the following caſes depend on the Ortho- 
graphic projection + of the circles of the ſphere on the plane of the equator, 
that circle being the primitive, and its center or pole repreſenting the point 
into which the pole of the Earth is projected; conſequently the diſtance from 
the Ks any. parallel of latitude, mult be expreſſed by the complement oi 
that latiiude, | | 
This projection is formed by ſuppoſing that int on the ſurface of a ſphere is projected on 
A 35 aw! through its wt & by a line — any that point 23 17 plane 5 
which amounts to the ſame, as if the viſual ray came from an eye at an infinite diſtance. 
Thus in Fig. 1. Pl. XIII. perpend. lines through a, 6, proje& thoſe points in t, z, on the 


plane 1 4 =: Therefore {mall circles on that plane are deſcribed with the radii K., = he 
Ines of the arcs x 5, 20. | e a 
785 38, CA 


— 


— 
— 


* 
* 
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8. CAsE II. Given the latitude and meridional diſtance; required the 
iifrence of longitude. r 


Exam. I ſhip from the latitude 53* 36' N. longitude 10 18/ E. ſails 
due weſt 236 miles: Required her preſent longitude. | 
By ConsTRucTIon. Fig. 4. Pl. XIII.. 
From the point v, with the fine of 90®, and the co-fine of. 5 36, 


deſcribe the arcs EQ, cÞ. Draw the chord cH=236; through c and 


p draw the radii Pg, PQ; then the chord being drawn, will be the 
difference of longitude, . I 


By ComPeU TATION. | 6,0) 39,3 (6 39. 5 
As re, the co-ſ. lat. == 53 36 o, 22664 3 
To es, radius '= 90 oo 10,0000 Long. from 10 18E, 
$2 eb, merid. diſt. = 236m. 2,37291 | Diff. long. 6 38W, 
* by : | : 1 : — ͤ— 
To x4, diff. long. = 397, 2259955 * in 3 10 E. 
By the TABLE. 


Find the meridional diſtance to a deg. of long. in lat. 53 36” (35), and 
make it a diviſor to the product of the given meridional diſtance by 60; 
then will the quotient be the diff. long. ſought. . | 

Thus. The diff. merid. dift. to 53 and 54*, is 0,85 3 which multiplied 
by 36', and divided by 60/, gives 0,51; this taken from 36,11, the merid. 
diſt. to 53 leaves 35,6 for the merid. ditt. to 53 36“: Then 236 multi- 
— by 60, and the quotient divided by 35,6, gives 397,7 for the diff. long. 
ought, | | 


39. Cage III. Given the difference of ago and its correſ -ondiog 


_ meridional diſtance ; required the parallel of latitude. 


Exam. In what latitude do 384 miles of meridional diflance anſwer u 


500 miles of diff. longitude ? 


By ConsSTRUCTION. Fig. 5. Pl. XIII. : 
From the point v, with the ſign of 9g0*, deſcribe the arc Ex draw the 
chord Eg 500, and draw the radii Pg, PQ; make Ec=384, draw cn 


parallel to Ey; then the arc a being deſcribed with the radiu* ps, is the 


parallel of lat. ſought. 


By COMPUTATION . 
As EQ, the diff. long. = 500 7, 30103 5 | 
To AB, merid. diſt. — 384 2,58433 | So in the lat. 39% 49 
SO Px, radius = go? as 10,00000|384 miles of merid. diit. 
5 anſwer to 500 miles of 
To va, the co-ſ. lat. = 39 49 9,885 36 longitude. 


The given merid. diſt. 384 being multiplied by 60, and the product 
divided by the given diff. long. 500, gives 46,08, the merid. diſt. to one 
deg. of long. in the lat. ſought : and by article 36, the latitude will be 
found to be 39* 49. ä | 
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40. CAsE IV. Given the diſtance of two places in a given parallel ot 
latitude ; required the diſtance of two other places, under the fame meri. 
dians with the former, in another given parallel of latitude, 
ExANM.-From two ports in the lat. 32 20 N. diſtant 256 miles, nu 
ſhips ſail direfly north : How far are they diſtant from one another, when 
they come to the lat. 44* F300 N.? 


BV Cos TRUCTIOx. Fig. 6, Pl. XIII. 
From the point p, with radii equal to the co-ſines of 32 20/, ard 
44% 30', deſcribe the arcs AB, DE; draw the chord AB=256, and draw 
PA, PB; then will the chord DE be the diſt. ſought. 


| By ComPUTATION. 
As ya, the co-f. of lat. from = 220 20 


9, 07317 
To yp, the co-ſ. of lat. in ==. 0 9˙85324 
80 as, the firſt diſt. == 256 40824 
To px, tke preſent diſt. == | 22661 2:33405 


5 TH By the TABLE. 
The merid. diftances to 32* 20% and 44 307 (found by 35) are 50,7 
and 42,8: then the given merid. diſtance 256 multiplied by 42,8, and 


the product 1095,68 divided by 50,7, the quotient 216, 1 is the meridional 
diſtance fought, «© | 


41. CAsE V. Given the diſtances between the ſame two meridians in 


different parallels, and alſo the latitude of one parallel, to find the latitude 
of the other. ä | 


Exam. If two fhips in the lat. 44* 30 N. diſtant from one another 216 
miles, ſhould both fail direfily fauth, until their diſtance is 256 miles; what 
latitude are they come to? e | 


By Cons TRUCTION. Fig. 7. Pl. XIII. 

From p, with a radius of the co-fine of 44 300, the lat. failed from, 
deſcribe the arc DE; draw the chord DE=216; and through p and E 
draw PA, PB; continue DE till DF =256; through F draw FB parallel to 
va, meeting PB in B; then an arc deſcribed from p, through B and 4, 
will be the parallel of latitude come to. R 


By CoururATTOox. 
As vx, the firſt diſt. 216 


2 = 7:66554 

To as, the ſecond dift. 8 2, 40824 

So PD, the co- ſ. lat. from = 44 30 9,85 324 

To xa, the co-ſ. lat. in =" 27.343 9.02702 
By the TABL E. 


To lat. 44* 300 find ( 35) the mer. diſt. 42,8 ; this multiplied by 256, 
and the product divided by 216, gives 50, 72; which (by 36)will be found 
to be the merid. diſt. to 32 17”, the latitude fought. | 


| | | 42 3 Other 
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42 Other examples to exerciſe the foregoing caſes. 4 
Ex. I. What is the diflance between St. Mary's in lat 37 O N. long. 25 
oo M. and Cape Henry in lat. 37 o N. long. 76* 23 W.? 

As rad. : co-ſ. lat. 37 o diff. long. 3083: diſt. 2462. x 

Ex. II. 4 ſhip from Cape Clear ſails weſt 265 miles; what long. is ſhe 
come to? . - | 


As co-ſ. lat. 51 187: radius: ; merid. diſt. 26 5 : diff. long. 423, &. 
Anſwer. The preſent longitude is 16 54 W. A 


Ex. III. A ſhip having run dus eaſt for 3 days, at the rate of 5 Iuots an 
hour, finds ſhe has altered her longitude 8* 16' ; what parallel of latitude did 
fe ſail in? "= x | | 


As diff. long. 496 : merid. diſt. 360: : rad, : co-f. lat. 43 28, me! 
Ex. IV. Suppoſe two ſhips in the parallel | of 47* 54 N. their difference 


ef ling. being 9 3% ſhould both ſail dire#tly ſouth 836 miles; how far were 
they from each other when they ſet out, and alſo after they had run that diſtance? 


As rad. : co-f. lat. 47 54': : diff, long. 575 : firſt merid. diſt. 385,5m. 

Now 836 miles = 13? 56/ ; therefore the lat. come to is 33 58/. 
As rad. : co-f. lat. 33* 58 : : diff. long. 575 : laſt merid. diſt. 476,9 m. 

Ex. V. bat is the 4 lat. between two parallels on diff. ſides of the 
equator, when, between the ſame two meridians, the meridional diſtance in 
the northern parallel is An 238 miles, in the ſauthern parallel is cQH=195 


miles, and at the equator is EQ=352 miles? 


As diff. long. 352 : north. mer, diſt. 238 : : rad. : co-ſ. lat. 4 27 N. 
As diff. long. 352 : ſouth. mer. dilt. 195 : : rad. : co-f. lat. 56% 22'S, 
Then the ſum of theſe two latitudes, viz. 103* 49), is the diff. lat. ſought, 


In this figure 8, Pl. XIII. v is the north pole, and s is the ſouth pole; 
but the conſtruction on one fide of the equator is ſufficient, as is evident 
by drawing ed parallel to PE, and dc parallel to So. 

The difference of longitude and meridional diſtances may be conſidered 
- as tangents to their reſpective arcs, as well as chords. (II. 185) 


Among the natural ſcales on the Gunter, are two, which uſed jointly, 
anſwer the end of the foregoing table: theſe are a ſcale of chords marked 
C, and a ſcale of longitude marked MAL, ſtanding cloſe to one another; 
they are thus uſed: | pay 
Find the given latitude on the ſcale of chords, and right againſt it, in 
the ſcale of longitude, is the diviſion expreſſing the miles of merid. diſ- 
tance in that lat. to one degree of longitude. | 
Thus againſt the chord 60 ftands 30 miles; the chord 50% ſtandt 
between 38 and39 miles: and fo of the reſt, 4:8 
| O4 SECTION 
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SECTION I, 
Of Middle Latitude, and Mercator's ſailings. 
Of Middle Latitude ſailing. 


43. MiDpLtE LaTiTuDE SAILING ts a manner of ſolving the ſeveral 


caſes of globular ſailing, by the principles of plane and parallel ſailing jointh, 


This method, which is not quite accurate, is founded on the following 
ſuppoſition. N „ 


44. The departure is reckoned as a meridional diftance in that latitude, 
which is a muddle parallel between the latitude ſailed fram, and the latitude 


arrived at. 


Now although the arithmetical mean of the co-ſines of two diſtant lati- 
tudes is not the co- ſine of the arithmetical mean of thoſe latitudes ; neither 
is the departure between two places on an oblique rhumb equal to the 
diſtance between their meridians in a mean latitude ; yet when the pa- 
rallels of thoſe places are near the equator, or not far diſtant from one an- 
other, in any latitude, the error becomes ſo ſmall, as not materially to 
affect the nautical concluſions drawn from the foregoing ſuppoſition. 


This artifice ſeems to have been invented on account of the eaſy manner 
in which the ſeveral caſes may be reſolved by the Traverſe Table, and 
where a table of meridional parts is wanting, The computations depend 
on the following rules, | Cs 
- RuLe I. | 
45. If the places are on the ſame fide of the equator, add the latitude 
failed from to the latitude arrived at, and take half the ſum for the middle 
latitude ; but if they are on different ſides, half their difference is the 
middle latitulle. rg a 


1 5 | 8 Ru LE II. pl: 
46. As the co · ſine of the middle latitude, re. 
| Is to the radius; e = . 
So is the departure, | = 
Io the difference of longitude. 22 
5 RULIE III. | =D 
47. As the co-ſine of the middle Jatitude, = 
Is to the tangent of the courſe ; = 
So is the difference of latitude, = 
To the difference of longitude, . = 


| The ſecond rule is the fame as the firſt rule in parallel failing, which 
Demonſtraties 


— 9 
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Demonſtration of the third rule. 


ow co-f, mid. lat.: rad. : : departure: diff. long. "ah * 
8 rad. x dep.co-ſ. mid. lat. x diff. — „„ 15 
Alſo diff. lat. : depart. : : rad. : tang. courſe. | (VII. 26 
Therefore rad. x dep. diff. lat. x tang. courſe. (il. 162) 
| Conſequently co-f. mid. lat. x diff. long, diff. lat. x t.courſe. (II. 75 | 
Therefore co-ſ. mid. lat.: tang. courſe : : diff. lat.: diff. long. (II. 163) 


c L. 


1 | E T „ ® 2 Kk 
83 8 2 222 K 3 . 1 : 1 22 ec * 
i % Th im Tb" os 5 ” 


Of Mercator's ſailing. 
48. Mzncaror's SAILING is the art of reſolving the f eral caſes of 


Globular ſailing by Plane Trigonometry, with the aſſiſtance of a table of merite 
dional parts, or of logarithmic tangents. 2 7 


| The computations herein are performed by the following rules. (15) 
49. Nur I. I . Is 
As merid. diff. lat. "M > 773 :5t224.%: 
To diff. longitude ; = KH. K 6.7 $35 WM. 3-1 
So is the radius, = Ks JJ 
| To tang. courſe. = To LY 
50. Rue ll. | Therefore 
As the prop. diff. lat. 2 
To the departure; = Do ” 3 BD 32. . 
So mer. diff. lat. = M. „ $3 Þ 
| To diff. longitude = 1. 
% Mal | | Therefore 
As diff. log. tang. & co-lats. 2 .f G : N :: L : 
To tang += hath nn 73: T.:: 
So is a given diff. long. = L. „ $3 43t:S-U.< 
To tang. courſe. = 7 e 
For the demonſtration of this analogy, ſee Prop. XIII. (29) 


1 


* 


* The log. tang. of c1* 38 og is 10, 10161] its ar. co. is 9, 89849. (I. 88 
The ——— —4 anſwers 250 to 8 5 28 37"; and to 89% 32 
473 _—_ 17 ; their indices being 11, 12, 13: So that at either of 
theſe angles, the diff of longitude will be ſhewn by the diff. of the log. tang. of 
the half co-lats, ſailed from and come unto; obſerving that the number of in- 
ſeger places in 6 becomes one more, for cach unit that the index is increaſed. | 

Tt _ PRO, 
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PROBLEM I. 


52. Given the latitudes of two places : 
Required the meridional difference of latitude hetween theſe places, 


Cas I. When both places are on one fide of the equator. 
RuLe I. The difference of the meridional parts anſwering to each la. 
titude will give the meridional difference of latitude required. 
Rur II. The difference of the log. tangents of the half co-latituge, 
divided by 12,63, will give the meridional difference of latitude require, 


ExAM. I. What is the meridional — f latitude between the iflau 
of St. Thomas and Gibraltar ? 


By the meridional parts. 1 By the log. tangents. 
Gibraltar lat. 36* oh N. Co-lat.=53* $8; x Co-lat. =260 571 
St. Thomas's lat. 0 o Co-lat.=go o; + co-lat.=45 00 

Merid. parts to 36 o5 2324| Log. tang. 10,00000 to 45 00 
Merid. parts to 00 o ooo Log. tang. 9,0638 to 26 57 
cards M. 2324 | 12,63) 29362(2325 
Wy . | 
— 
3130 
5040 


Txkas, II. What i is the meridional 1 of latitude Agron the Lis 
zard and Cape Verd? : 


By the meridional parts. By the log. tangents. 
C: Verd's lat. I 47 N. | jColae=70" 33 f co- lat. 37 365 
Lizard's lat. 49 57 N. (Co-lat.=40 03 3 x co. lat. o o. 
| Merid. parts to 49 57 3470] Log. tang. 9,8668 to 37 365 
Merid. parts to 14 47 897 Log. tang. 9.56166 to 20 ol; 
Merid. diff. lat. E W 1 [ 1263) 32502(2573=m-? 


53. CAs Il. When the given places are on different ſides of the 

uator. 

Rur E I. The fum of the meridional parts anſwering to each latitude 
will be the meridional difference of 2 required. | 


\RuLe II. The ſum of the | gents, abating the index, of 1 


half co-latitudes, divided by 12,63, will will 5 the N difference « 
latitude required. 


_ ExaM.. What is the meridional differen of latitude . Cape Perk 
and the Iſland of St. Helena ? 


| By the meridional parts. By the log. tangents. 
C. Verd's lat 1% 47 N:. Co- lat. 75 1377 4 co-lat. 237 11 
St. Helena 15 N 8. Co- lat. 274 05; I co-lat. ==37 02 
, 4 55 2 $8} - » CO-t, : O,11332 to 37 56: 
47 


7 Log, co-t. ©,12223 to 37 © 
i 8 
| | 1865] 32:63) (leg 
4 PRC. 
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PROBLEM II. 
54. Given the lat. one Place, and and the merid. diff. lat. between that and 


her place : 
Required the latitude of the * place. 
CAsE I. When the given lat. and mer. diff. lat. have like names. 
Rurt I. To the merid. parts of the given lat. add the given meridi- 
onal diff. lat.; ſeek the ſum in the table of meridional parts, and the cor- 
reſpone ing degrees and minutes give the latitude fought. 
I. 


RULE 
product, rejecting all to the right of the 5th decimal place *, from the log. 


the log. tang. and theſe deg, doubled give the co- lat. required. 


Exam. A ſhip from the lat N. ſails northward till ſbe finds her 
merid. diff, 22 2578; what on ay come to? 

By meridional parts. . By log. tangent. * 

To the lat. 14% 437 M. The co-lat. 4 75? 551771 2 co- lat. 370 380 
The mer. parts = 893 N. And 2578 multiplied by 12,63, gives 
Add mer. diff. lat. = 2578 N. 42560, 14. 


| | —— From 9,88707 = log. tang. 375* 3% 
The fam 18 == 3471 Take 0.32560 
Which anſwers to 49? 58, N. N. Leaves 9, 56147 log. tang. 205 or. 


The latitude ſought. 


| Which doubled is 40% O2“ 
| Whoſe comp. is 49 58—lat. ſought. 


like names. 
RLE I. Take the difference between the meridional parts of the given 


meridional parts will give the latitude fought. 
RuLz II. Myltiply the given meridional diff. lat. by 12,63; add the 


ing to the ſum, conſidered as a tangent, being doubled, gives he co-lati» 
tude required, | 


Exam. 4 ſhip om the latitude 49* 57/ N. fails ſouthward till ber me= 
ridional diffs lat. 222 what latitude ts ſhe —_— 45 


By meridional parts. [ By log. - tangents. 
To the lat. 49% 57” Ne. 'Co-lat. 405 * T co-lat. 200 or. 
The merid. parts = 3470 N. {And 2578 X 12,63=32560,14- 


Subt. merid. diff. lat. = n To 9, 56 146 log. tang. 20 O 


Add o, 32560 
Remain merid. ** 55 * 2 — = | ; | 
Sum 9,88706=log. tang. 37 or. 
Which anſwers to 14* 42 N. 


The latitude come to. wich doubled is 75% 16. 
oy [Whoſe comp, is 14 44=3lat. 


— — — — 


| ® That i, vg al below the number of places inthe tables uſed 
PRO. 


ET 
OO 


HY the given merid. diff. lat. by 12,63; ſubtrat the 


tang · of the — half- co - lat.; ſeek the degrees to the remainder among 


55, CASE II. When the- given bis and meridional diff. lat. have un- 
latitude and the meridional diff. lat. the remainder found in the table of 


product to the log. tan. of the given half co-latitude, the degrees anſwer- 


\ = * a. - = — 2 - 
* — ͤ — — —— —ä—Z 
3 3 oe — — 
= y ag - -» £6 = \ 


* 
— hv 
D 
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P ROBLEM III. 
35. Given the latitudes and longitudes of two places : 


Required their bearing and diſtance. | 
Exam. What is the courſe and diſtance om Cape Clear in Ire ud, tt + 
iſland of St. Mary, one of the Azores ? 6 * | fans tothe 
By Mip DLE LaTiTUDE SAILING. 
C. Clear's lat. 51* 18 NM. | Long. g* go W. 
St. Mary's lat. 37 00 N. I Long. 25 00 W. 


Diff. lat. 14 182858 m. 


3 L 


Diff. long. 15 10=910 m. 
Sam of the lat. 88 18; Midd. lat. 44* og ; Co-mid. lat. 45* WM 
By Cons TRUCTIOxRx. Fig. 9. Plate XIII. 

Draw the meridian AD ; deſcribe the quadrant A p with the fine of 
90⁵jM and the arc EF with the co-ſine of the middle latitude. Make the 
chord ms equal to 910, the diff. longitude ; draw As cutting the arc zr 
in r, and draw the chord xr. Made Ap equal to 858, the diff. lat. dray 
De parallel to A p and equal to EY: and draw Ac. 

Then AC is the — and the angle DAC is the courſe, 


By ComPuTATION. 


For the Courſe. | For the Diftance. 
> „t f f nee : a» :: n ac 
is JE lat. = 858 7.06651] As co-f. cour. = 37 16' 0,09918 
To diff. long. = 910 2,95904| To diff. lat. 858 2,93349 
So co-[. m. lat. 4 Ogg 9, 85583] 80 rad. 90 ao” 10,00000 


To tang. cour. = 37 16 9,88138 To diſt. 


Il | 


1078 3.03267 


—— —_ 


. By the * TRAVERSE Tio. 
1ſt. With the co-mid. lat. found among the degrees, and the diff. lon- 


gitude, or fome part of it (if the whole is too large), taken among the 


diftances, find the departure, or ſome part of it, in its column: 


| Obſerving to multiply this depart. by the ſame number the diff. longi- 
tude was divided by. 

24. With the diff. lat. and dep. together, or or their like parts, find the 
courſe among the degrees, and the diftance in its column. 

Let the diff. long. 910 be broken into parts; viz. into 100 taken! nine 
times, and into 10: And as the co-mid. lat. is 45 $1', or 45"; ] pr 
thy S: 

"The departures to 100, in the columns of 45" and 465, are pgs — 


71,9; the diff. is 1,2; 3; parts thereof is, 1,0; which added to 70, 7 make 
71, 73 for the dep. to 100; and for 900 it will be 64 5,3. o, the — 


partures to 10 in the 3 of 45 and 46%, are 7,07 and Dos 33 5 of 


their diff. 1,0, and this with 7:07 makes 7,17 the dep. to 103 and the 
whole dep. =652,5. 


Now take 25 of the diff. lat. 858, and of the dep. 65,25, viz. 42:9 and 
8 found together under 37 15 for the courſe; an 


„ 
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between 53 and 54 diſt. ; ſuppoſe 33,9; which taken 20 times gives 
57: By MERCATOR's SAILING. 
c. Clear long. e 5 W. Lat. 51 18” | Mer. parts 3597 
St. Mary's long. 25 oo W. Lat. 37 oo | Mer. parts 2393 
Diff. long. 15 10 | Diff. lat. 14 18 — 1204 
or g10 miles, lor 858 miles | 
By ConsTRrucTION. Fig. 17. Plate XIII. 
Draw the meridian AB, and deſcribe the Amp; make AD 


2858, the proper diff. lat. and AB 1204, the meridional diff. lat.; 


draw DC, BE, parallel to 
draw AE. ; 
Then A is the place 


Ap; make 


BE equal to 910, the diff. long. and 


of Cape Clear, e that of St. Mary's; Ac is the 


diſtagge, CD the departure, and the angle DAC is the courſe. - 


CoMPUTATION by Meridional Parts. 


For the Courſe. | Far the Diſtance. 
2 : To. (49)} fingc: ad:: & : AC: 
er, ,91937|As co-f. cour. = 37%? o 0,09813 
o dif, 2,95904| To prop. d. lat. = 858 293349 
o rad. 45 O 10, 00000 S0 rad. 900 o 10,00000 
To tan. cour. = 37 o 987841 To diſt. = 1076 3,031 
_ _ComPuTaTION by Logarithmic Tungents. 
C. Clear's lat. 51% 18” Co-lat. 38 42, @Z co-lat. 19 21. 
St. Mary's lat. 37 0 Co-lat. 53 oo. 4 co-latÞ 26 30. 
To & co-lat. 26 30%, its log. tang. . = _ 9.69774 EO Og 
To + co-lat. 19 21, its log. tang. = 9.54552 
. Difference = 1522, z. 
3 For the Courſe. | | Por the Diftance. 
he Hoes 6.805] Thediftance will be the fame as 
Ton 1 10,1016 in the former computation; for the 
$0 diff. long. . 910 2,95904 diff. of a min. in the courſe will not 


To tang, cour, 37 of 


— 


9.87814 


cauſe a diff. of a mile in the diſtance 
of the two places. 


By the TRA VAST TABLE, 


dif 


Seck the meridional diff. lat. and diff. long. together, 
lat. and departure, and. the courſe is given amon 


as if they were 
g the degrees. 


Then with the courſe and proper diff. lat. find the diſtance. 


together under 37*.00” for the 


v 


And taking th of the diff. lat. 858, vis. 42,9, and the courſe 
es about 53, for the diſt. which taken 20 times gives 1076 di 


bus taking th of 1204 and 910, viz. 60,2 and 45,5 ; they will be 


"on 


PR Os 
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58. Given the bearing and latitudes of two places. 
Required the diftance and difference of longitude. 


Exam. A ſhip which had taken her departure from a place in lutitud. 
37 O N. longitude 22 5&/ W. fleers NM. 33 10 E.; and cloudy went), 
coming on, ſhe got no obſervation till eight days after, and then found berſof 
in latitude 5 1 18' NM. Required her true diſtance and preſent longitude, 


By MIDDLE LaTITUDE SAILING. 


Depart. lat. 37“ oof N. | Sum of the latitudes 88 jv 
Preſent lat. 51 18 N. 3 | | 
Diff. lat. 14 18=858 m. „ 


By Cons TRUcCTIoNn. Fig. 10. Plate XIII. 0 
Draw the meridian ad=858, the diff. lat. deſcribe the quadrant A n þ; 
make m c equal to 33 19', the courſe : draw Dc parallel to A p meeting 
the rhumb Ac, drawn through c, in mz C: with the fine of the co-mid. lat, 
45 51, deſcribe the arc EF, in which apply the departure pc, from E to 
F: draw AB through F, and draw the chord m B. . 
Then is AC the diſtance run, and m 8 the diff. longitude, 


By COMPUTATION. 


For the diftance. | | For the diff. longitude. 
"SI Dig c INI Poo YO. 
As co-1. cour. = 33* 19 _ 0,07798|As co-ſ. m. lat. = 44% oof 0414417 
To diff. lat. = 858 2,93349| To tang. cour. = 33 19 - 9,8177 
So rad. = O ©&' 10,00000 | So diff. lat. == 85s 25339 
To dift, == 1027 -. 3,01147| To diff. long. = 786 2,8954 


| Now 225 567 W. = Dep. long. 
60)786(13 06 E. Diff. long. 


v | | | 9 50 W. — Pre. long. 


By the Txaverss TABZIZ. 

1ſt. With the courſe among the degrees, and the diff. lat. in its prop® 
column, find the departure and diſtance, in their columns. 3 

2d. With the co-mid. lat. among the degrees, and the departure in '5 
column, find the diff. long. among the diſtances. 

Thus taking the , of diff. lat. 8 58, viz. 42,9; with it, and the coutſe 
33, the departure will be found 28, 1, and the diſt. 51,33 each being 
multiplied by 20, gives 562 for the departure, and 1026 for the diſtance. 

The co-mid. lat. 45 51, or 45; degrees, and 28,1 =, of the =_ 
ture, will give 39,5 in the column of diſtances ; which being multipl 


59. BY 


dy 20, gives 790 for the difference of longitude, | 
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» By MERCATOR'S SAILING. 
. Departed lat. 37? oO N. I Mer. parts 2393 
Preſent lat. 51 18 = | Mer. parts | 3597 


| Draw a meridian AB, in which take aB=12c4, the mer. diff. lat. and 
av=858, the proper diff. lat. Deſcribe the quadrant A m p, and take 

Mc = 335 10% the courſe : through B and o, draw BE, BC, parallel to A p, 

meeting the rhumb drawn through A and c, in the points E, c. 

Then is AC the diſtance, and BE the diff. longitude. 


ComePuTATION by Meridional Parts: 


For the diſtane. For the diff longitude. 
fin. 4 DCA : AB: : R: AC. T0 2547+ i bo © fam) 


As co-f. cour. = 33 19 0,07798| As rad. == 92? oo 1©0,00000 
To diff. lat. 85 2893349 [To tang. cour. = 33 19 9.81776 


Now if from . 56 W. = Dep. long. ITE, 


There be taken 60)791_ (13 11 E. = Diff. long. 


Then 9 45 W. = Pref. long. 


ComPUTATION by Logarithmic Tangents.. 
Departed lat. 37 os N. Co-lat. 53“ oc 7 co-lat. 26% 30“. 
Preſent lat. 51 18 N. Co-lat. 38 42 1 co-lat. 19 21. 


„ 


To + co-lat. 260 300 , its log, tang. 969774 
To ; co-lat. 19 21, its log. tang. 954552 
Difference = 1522,2=0. 
For the diſtance. For the diff. longitude. 

in. Dea: A:: n: 44. „ 66 : 1 3 1. (51) 

| As = „ : 9,89849 

| 0 5 | Toe = 1622 3.18241 

The diſtance is found as above. So tang. cour. = 33 19 9.81776 


lumn of lat. find the diſtance: in its column. 0 
Wich the courſe among the degrees, and the mer. diff. lat. in the co- 
lumn of lat. find the correſponding dep. and take it for the diff. long, 

Now goth of 858, the diff. lat. and of 1204, the mer. diff. lat. are 
42,9 and 60,2, Then, under 23 15, the diff. lat. 42,9 falls between 51 
— 32 in the diſtances, take it 51,5 ; which multiplied by 20 gives 1030 
And under 33 15/, the mer. diff. lat. falls againſt 39,48 of departure, 
Wich multiplied by 20 gives 789,6 for the diff, longitude, 


( 


Diff. lat. 14 18 = 858 m. | Mer. diff. lat. _— Xx 
ConsTrucTioN. Fig. 18. Plate XIII. 55 


So radius — go® oof 10, ooo So m. diff. lat. = 1204 3.08063 


To diſ. = „ 5.01147 To diff long. = 791,4 2,898 39 


| To diff. long. = 791,8 2,89866 


PRO- 


_— 


. 2 ? p 
"2 7 0 — — - N — 
25 112 — —— 1 
— — — —ͤ—— — - — * 
2 — 2 Fu n * 
, BAT. 4 


160 - GLOBULAR SAILING Book Im 
PROBLEM V. 


60. Given one latitude, courſe and diſtance: 
Required the other latitude and diff. longitude. 


88 A ſhip takes her depart in lat. $1* 18/ V 
500 V.; and fleers S. 330 2 WW. wy [be 22 1024 mile Res 
of latitude and longitude. 


By MIDDLE LaTrrups SAILING. , 


By ConsTxucTIOn. Fig. 11. Plate XIII, 


Draw a meridian AD, and deſcribe the quadrant A m p; make the 2; 
me = 30* 08, the courſe: in the rhumb drawn through c, take ACS104, 
the diitance: draw CD parallel to A p, meeting AD in d. 


By COMPUTATION. 


| For the diff. latitude. } Now 51 18” N. = Dep. lat. 
R: AC : : ſin. : AD. |60)857(14 17 S. = Diff, lat. 
As rad. = mw 10,00000| — 
To diſt. = 1024 3.01040] 37 Ol N. = Pre. lat. 
So co-f. cour. = 33® 8 9,92293 33 
— 38 129 S Sum of che lau. 
To diff. lat. = 357, 5 2.92224 — | 


* 2 = Mid. lat. 


For the diff. longitude, f 

FOE ESL ad = 5 ¹ = Co-m. lat. 

As co-f. m. lat. 4 0, 14417 

To tang. cour. _—_ o8 © 9,81473 Then in "the arc ex, deſerivel 
So diff. lat. 1 2593323 with the ſin. -co-mid. lat. 45˙ gr. 
apply cp from E to y: through r 

To diff. long. = 780, 1 2,892 13 draw AB, cutting the are me p ins; 

1 „ 6 ln being drawn, will be the 

ow 50 ep. long. 

60) 780 (13 O0 W. = Diff. long. * ſought, 
22 50 W. = Pref. long. | 


By the TRAVERSE Tas. 


idaho a Ro Gods cs bs bs 
lumn, find the dep. and diff. lat.; and hence find the other lat. 
Seek the co-mid. lat. among the: d ING gs Hs <=" 
then the correſponding dift. is the diff. 

Thus. Under the courſe 33? . 35, which 
the 20th part of 1024, ſtands lat. 427 3 dep. 28. 

Then 42,7 x 20=854 m. = 1% 1, the diff. lat. 
P and the co-mid. lat. 45* 49'- 

Again. Over the degrees 45" 49) the nearſt dep, to 38 Rand vin, 
39 in the diſtances. | 

61.50 


Then 39 * 202m. the af. — 
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By MercaTOR'sS SAILING. 
br Cans TRUCTION. Fig. 19. Plate XIII. 
Draw the meridian As, deſcribe: the *, amp; make the arc 
m c=33"08', the courſe. In the rhumb ac drawn through c, take 
ac=1024 miles, the diſt. ; and draw ch parallel to A p. 
Sener rie by Meridional Parts. 


For the if latitude. Now 51*18'N. = Dep. lat. 

As rad. : AC; + fin. Ze tap. | 60) 857 (14 17 8. = Diff. lat. 

| = go®%od' I $ —. 

2 = — 37 0 N. = Pref. lat. 
C/ ˙ͤaÄuũ: . DS = 
Jo pro. diff. lat. = 857. 2,93323 To 37 01 merid. parts = 2394 

For ie ff * rr lat. = 1203 
ASK . . 2 1 _ *** 
Re S Fre Make at=1203; through EW 
80 mer. d. lat. 'S* 1203 3-08026]BE parallel to A p, meeting AC con- 
— — linued in ; BE is the diff. 
To diff. log.” = 785,2 2,89499 — * 
Now ge gd W. = Dep. long? 
60)785(13 05 W. S Dit. long 
22 35 W. = Preſ. W. 


Conururar ion by by Logarithmic 8 | 
e diff. Tat. and preſent lat. being found as above. ö 
Dep. lat. 5 18. Co-lat. 38% 42 co-lat. 19 27. 


Pref. lat. 37 ot. Co-lat. 52 59. . co-lat. 26 29 
. pang. = 909758 > 
To ech. C1 21, 2 1 9.54532 
( i _ = -ab=e. 
As N : 6 :: 1: Now ge 50 Ww. = Dep. long - 
— N = _ 7860613 06 W. = Diff. long. 
0 0 | 5 


= 1321 | 
S0 tan. caur.., = 332 oF. 


Tod lang, = 785.9 


By the TRAVERSE TaBLE, 


With the courſe and diſtance, find the diff. latitude. | 8 
From thence find the preſent lat. and the mer. diff. latitude. 
Win the courſe, and the mer. diff. lat. taken in the column of lat, 
the correſponding dep. which will be the diff. longi 
| Tha vath of the diſt. 104 is 31, 2. Then Under the courſe 37” 155 

inſt g, among the diſtances, ftands 42,7 in col. of lat. And 42,7 X20 
| San id the viff. lat. is 1414; ths preſent lat. ls 37” 04 N. and 
| che mes dll, lat is T2007 th of which is 60, . 
whi j,2the courle 337 15 n — funds 3048: 
! tiplied by 20 gives for the diff. requ 

Vou U. y 20 f 759 1 „0 


e 
ſl 
7 
: 


A dit. = 1024 
80 diff. lat. = 858 


tween 34,53 and 35,24, belonging to the diſtance 8. and 4 


vides 1024 without à fraction; and it h mort convenient to feck a diſt in 
** 
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"2 PROBLEM „ 
62. Given the latitudes of two places, and their diſtance: 
Required their bearing, and difference of longitude. 
Exam. A /hip in lat. 51* 18 N. long. 27 06' JV”, is bound to a place in th 
SE. quarter, diflant 1024 miles, and in lat. 37* 00' N. e what is her dir;q 
courſe, and how much muſt ſhe alter her long. t arrive at the defired port? 
By Mripp LIE LatiTVUDE SAIIIN . 


Lat. from 51* 18'N. ä sum of the latitudes 885 Tr 
Lat. to 37 oO N. 3 15 — 
— 2 Middle latitude 25 © 
Diff. lat. 14 18 = 858 miles. | 9 — 
— | Co-middle latitude — v1 


By ConsTRUCTION. Fig. 12. Plate XIII. 

Draw the meridian aD=858 miles; deſęribe the quadrant 4 mp: from 
A, with 1024 miles, the given diſtance, cut De, drawn pa to ap, 
in C; draw Ac. In the arc Er, deſcribed with the fine of 45 45” the 
co-middle lat. apply the departure Dc from E to ; through F draw AB, 


and draw the chord Bm. 


* meaſured by the are me; and the df long, by 
m B. 7 


By CompuTATION. 


For the courſe. "Fete af ind, 

Ac: nad. :: A 4.5 "7 

bs 1 * 
= 33 5 Gy 
= 858 * , 2.93349 
2 
To co-f. cour. 33005“ _9:9231] o if long: = 7789 2.8915 
A Es WM fr 2 4 
Now 225 O6 W. = = Long. from. 
60)779(12 '59 E. = Diff long. 


' OB 9 W. = Pref. long. 
By the Tz av inns TABLE. 5 


898 we 


With the diſtance and diff. lat. in their columas, find: ths courſe among 


To rad. 90 of 8 


Courſe SE. b. e 


_ the degrees, and the dep. in its column. 


With the co- middle lat. among the degrees, and che &> i in its em” 
find the diff. long. among the diſtances, 


| Thus. To the diſt. 64 (= 2). e 


5 o/; and the * 34.86. 
lat. 46 (the neareſt to 452 3%. th dep. 24.6 at, 


„ gives 48,5 
in the col. of diſtances; which mult. by 16 gives — 22d long. 


Note. vs th of the numbers was taken rather than gothz becauſe 16 di- 


the courſe is 
" "I ke is x 


567 


\ 
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63. By MERCATOR's SAILING. 
Lat. from 519 187 N. | Mer. parts == 3597 
Lat. to 37 00 N. | Mer. parts * 2303 TY 
Dif. lat. 14 18 2858 m. Mer. diff. lat. = 1204 


By ConsTRUCTION. Fig. 20. Plate XIII. * 

In the meridian AB, take AB 1204, the meridional diff. lat. and = 

av=858, the proper diff. lat.; deſcribe the quadrant a mp; from A, with \ 

the diſtance 1024, cut DC, drawn parallel to ap, in c; draw Ac, and 
eontinue it until it meets BE, drawn parallel to A p in E. 
Then 8E diff. long. and arc m c meaſures the courſe. 


CoMPUTATION by Meridional Parts. 


For the courſe. For the 4 bmgitade, 
| ac: rad. :: An : ſ. Ach. Rad. : 1 1 
As aft. '= = 6,9897 Te rad. = 90 10,00000 
To rad. 90 10, 0000 To = 33 05 81390 
| if. | Gil lat. = 1204 ” 3.08063 


2,89453 


—— —u—¾aͥ¹Jꝛĩ 


Now 22*06' W. = Long. from. 
60)784(13 04 E. = Diff. long. 


g e W. = Long. tos 


CoMPUTATION by Logarithmic Tangents. 


| Depart. lat. 5119. Co-lat. 38* 42. Z co-lat. 199 21 "HI 
W_ bound to 37 oo. Co-lat. 53 00. _ z co-lat. 25 30- 


co-lat. 26 30, its log. tang, = 9.59774 
To co- lat. 19 21, its log. tang. = 9.54552 


Difference : 1522,2 0 
Por the v_—_ bh | For the diff. longitude. 


ac t mt. :: l. CAD. „ YU I: © t hb 
 JAsn — RT 9,893.19 
1 . To o = 1522 3,182. 
Courſe is 8. 33* 05 E. as above. S0 tan. cour. = 33*⁰ 998134 > - 
3 ro diff. long. ,= 7349. 2.8945 


| rr T ABLE. 
\ With the ditance and i, lat in the columns, find the courſe among 


degrees. 
Wich the courſe among the de and the meridional diff. lat. in th: 
column of latitude, find the diff. ng. in 1 of departure. 


The courſe, found as before, ©, is 3 

in tat of the meridional if . 
latitude neareſt correſponding departure is 13; which 

| alipd by 20 gies 78462 for the longitude. _ Hf 


* 


—— — 


— — — 
2 — 


ET SS 


— 
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b 44 
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i} 
p : 
{3 
1 
1 
1 
k 
n 
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| 44 
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1 | 
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þ 0% 
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7 
4 
| # 
iy 
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lumn, find the diff. longitude 


PROBLEM VI. , 
64. Given the latitudes of two places, and the departure : 


Required the courſe, diſtance, and difference of longitude. 
Exam. A Hip from the latitude 37 00! M., longitude 48 20/ N. (a; 
between the M and E., and being come to the latitude 51 18, NM, fin, 7 
has made 54 miles of departure: what was her direct courſe, diſtance run, 


and preſent longitude ? 
| By M1ipptz LaTiTuUuDE SAallinG - 
Preſent lat. 5 18 N. Sum of the latitudes 880 18˙ 
Departed lat. 37 o N. | 1 — 
pee”: — _ | 1 + aw 
Diff. lat. „ — 
— I Co-mid. lat. 45 51 


By ConsTrucTIoON. Fig. 13. Plate XII. 

In a meridian line, take Ab 858 m., the diff. lat. Deſcribe the qua- 
draht a m p, and parallel to A þ draw Dc 564 m. the departure; alſo 
draw the diſtance Ac; in the arc Er, deſcribed with the fine of the com 


mid. lat. 45 51, apply the chord EF equal to pc; through F draw as; 


_—_— chord m B will be the diff. long., and the arc m c meaſures the 
courſe, _ | 
By ComPUTATION. 

Ta find the courſe. To find the diſtance. 

AD : DC : : rad. : t. ZDAC. Sin. ADAC : DC : : rad. : Ac. 


As diff. lat. = 858 7,06651]As fin. cour. == 33* 19“ , 26022 
To depart. 564 2,75 128To depart, == 564 2,7528 
30 rad. z= 90 Oo 10,00000jS0 rad. 90 oof - 10,00000 
To tang. cour. = 33 19 9.81775 o diſt. = 2027 3.01150 
T7 find the diff, longitude. OE 
„ 5 OE 0 os © WE 3 7 60 2 ih 
As co-f. m. lat. = 44% , 14417 Now 48 20 W. = Dop long. 
To rad. = 90 © 10,00000[60)786(13 06 E. = Diff. long. 


So de .-. = £66 2,75128 — 
mm Las ET | 35 14 W. = Pref, long. 
To diff. long. = 786 2.89545 — 7 | 
; | By the TRAVERSE TABLE. 1 
The diff. lat. and departure being found together, will give the copric 
2mong the degrees, and the diſtance in its column. : 
With the co-mid. lat. among the . 4 4 the departure in its co- 
Now 2th of 858, the diff, lat., and of 564, the dep, are 42,9 and 
28,2. The neareſt numbers to theſe are found together under the courſe 
33" 39 and to the diſtance 51,2; which, multiplied by 20, gives 1024- 
the departure 28,2 being found to the co- mid. latitude 46*, g1V& 
3052 3 which multiplied by 20 gives 784 for the diff. longitude. ; By 
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Sw the df. lng. ry: :: : L. Orn: 1 :: 1: . 
As prop. diff. lat. = 858 7,06651] Now 48 20 W. == Dep. long. 


65. By MercaToR's SAILING. 
Preſent lat. 510 18 N. Mer. parts 12 5 3597 
Departed lat. 37 oN. er. pars 2393 
Diff. lat, 14 18 858 m. Pe» diff. lat. 1204 1 
By ConsTRUCTION, Fig. 21. Plate XIII. F 
In a meridian line take AB 1204 m., the meridional diff. lat.; and 100 
 ap=858 m, the prop. diff. lat. Deſcribe the quadrant a mp; through KS 
p draw DC parallel to A p, and make De=564 m., the dep. Through 4. 
c, draw AE meeting BE, drawn parallel to ap, 5 Tn 
Then is Ac the diſtance, BE the diff. longitude z and the arc mc mea- 1 
Cour urTAT TOR by Meridional Parts. = 
= For the courſe, | For the diſtance. wy 
ap: De: rad. : t. LDAC. | Sin. ADAC: DC : : rad. : AC. on 
As diff. lat. = 858 7,0665104 fin. cour, == 33% 19 o _ 
To de Wo = 564 | 2,75 128 To depart. = 564 8 2,75128 h by 
80 : == 900 oO 10,00000]S0 rad. = 90 0d 10, Hl 
5 | — | S 
To tang. cour. == 33 19 g.81779|Todil., = 1027 3.17 al 
10% 
00 


To depart. = 564 2.75 128060) 791013 11 E. Diff. long. 8 

So mer. diff. lat. == 1204 3,08063 — 1. 

8 33 00 W. Preſ. long, 5 

To diff. long. = 797, 2,9842 — . 1 
Courſe NE. b. N. nearly. 1 5 
ComPUuTATION by Logarithmic Tangents. i abi 


| Preſent lat. 51 18 NM. Co-lat. 38 42. 2 co-lat. 19 21. 
To f co-lat. 26% 30, its log. tang. = 969774 — 
To z co-lat. 19 21, its log. tang. = 954552 


Difference = 122,2 0. 
The courſe and diſtance are - W 
as above. N As N = 9.89845 
To 6. . = 2522 Jibagy 
So tang, cour. = 33% 19% 9g,81776 


To diff. long. == 791,9 2,89866 
a By the TRAverss TanpLs. —.— | 
= courſe, found as before, is 33 30“; under which, againſt 60,4 
(Darth of the mer. diff. lat.) in the column of latitude, * og wow 
de column of departure. Then 39,74 * 2079448, the diff, longitude. 


E 3 PRO. 


166 GLOBULAR SAILING. Book vin. 


PROBLEM VII. 
66. Given one latitude, the courſe, and departure : 

Required the other latitude, diſtance, and diff. longitude. 
Exam. A ſhip from the latitude 51* 18' N., longitude q 50 V., ſails 
S. 33 19 V., until her departure is 564 miles; required her preſent lati- 
tude, longitude, and diſtance. 1 
By MID DIE LATITU DE SAILING. 
py _ ConsTRuUcTION. Fig. 14. Plate XIII. 
Draw a meridian line Ap; deſcribe the quadrant a mp; make aa= 
564, the departure, and the arc mc=3J* 197 the courſe; through e draw 
the rhumb Ac meeting a c, drawn parallel to AD, in c; and draw cn 

parallel to A p. * 


Buy ComyeuTaTion. 
For the diff. latitule. | Now 5 1 18 N. = Dep. lat. 
Sin. DAC: CD ;: fin. Lacy : ap,00)858{14 18 8. Diff. lat. 


As ſin. cour. = 33 19 0, 26022 
To depart. = 564 2,75128| 37 00 N. = Preſent lat. 
So cof. cour. = 33® 19” 9,92202 — | 

En Tl 88 18 = Sum of the lat. 


— 


To diff. lat. = 838 223352 e 
"0 =} ðñ —— be; 


J 31 = Co-m. lat. 
Then in the are Er, deſcribed with the fine of 45 5% apply cp from 
k to r; through F draw AB; and draw the diff. longitude B m. 
To find the diflance. _ To find the diff. longitude. 
ä „i „„ a4 ac any =" ＋., 8 
As fin. courſe — 33; 19 o, 26022 0às co. mid. lat. = 44% off o, 14417 
Jo departure = 504 2,75128|To rad. = 90 oo 10,00000 
So rad. == 90 00” 10, o οοννο departure = 564 2,75128 


— 


Jo diſtance == 1027 3.011 5qTo diff. long. == 786 2,89545 
— 1 9 go W. = Dep. long. 
60) 786013 06 W. = Diff. long. 


22 56 W. = Preſent long. 


5 By the TRAVERSE TABLE 33 
With the courſe 330 15 (the neareſt to 33 19”) and the departure 
28,2 (S oth of 564) in its column, find the diff. of lat. (42,53) in the 
culumn of latitude, and in the column of diſtance find the diſtance 51, 2. 
T hen 42,53 * 20 850, 6; and 51, 2 * 201024. | 55 
Hence the preſent lat. is 37 N., and the co-mid. lat. 45 48“ 
he co-mid. lat. 45 40 and departure 28, 2 giyes 30,2 in the column 

of eiſtances, which multiplied by 20 gives 784, for the diff. of longitude. 
LE : | 67. By 
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67. By MERCATOR'S SAILING. : 
By ConsTRUCTION. Fig. 22. Plate XIII. 

Draw a meridian line an; deſcribe the quadrant a mp; make 4 4 
bg, and the arc me=33 19; draw ac parallel to as meeting the 
thumb Ac, 2.1 c, in C; and draw the departure CD parallel 
to A p. 


CompurTATION by  Meridional Parts. 


For the diff latitude. Now 5118“ NM. == Dep. lat. 

Sin £.DAC: CD :: fin. D: ad. [bo)858(14 18 8. = Diff. lat. 
As fin. cour. = 33 19 0, 26022 37 00 Preſ. lat. 
Jo depart. = 564 ie 5118 mend, parts = 3598 
80 co · L cour. = 33 19 9, 202 To 37 oo merid. parts = 2394 

| To diff. tar! = 858 | — Merid. diff. lat, = 1204 


Then make AB 12043 draw BE parallel to A p, meeting, AC conti= 
nued, in E; and BE is the diff. of longitude, 
75 find the diflance. oe Nr 8 8 
A; ſin. £Dac : DE :: ail, : acc} 
As fin. cour. = 33 19 0,26022|As p. ai: ks = I e 
To depart. = 564 2,75 1280 To depart. e 
So rad. = 900 os! 10,00000, 80 mer. diff. lat. 1204 3,08063 


To diſtance = 1027 _ Joy 50 To dif long. | = 7914 239842 


Now ge 50 W. = Dep. long. 
600791 (13 11 W. = Diff. long. 


— — 


23 or = Pref. long. 


Courur Aro by Logarithmic Tangents 
Find the diff. latitude and preſent latitude as above. 
Then, Dep. lat, 5 1 18“ Co-lat. 38 427. co-lat. 19 2V. 
Pref. lat. 37 oo. 'Co-lat, 53 oo. 12 26 — 
To Zeolat. 26 300, its log. t = s = 9.59774 
Tot eo 19 21, "AS tang, is = 9,5452 


"Difference 1522, az 280. 
To fund the diff longitude. 1 — BS . * 


98984 
r + - The diſtance and preſent 
Denen, rude ay be found a above. long 


| — 
By the Trxaverse TABLE. . + 

Fs before; the diff. lat. 28 51; and the diſtance=1024- 

Then the preſent lat. is 37* 07/N.;3 and the mer. _ lat. is 11975 
W 9s \ 65.21, the neareſt to 59,8 
, Jo the courſe 33* 1 55 and again 21, the neareſt to 59, 
in the column of — 30 15, 8 in the column of dep. 39,48 ; = 


multiplied: b 8 * 
ä PROBLEM, 
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9 PROBLEM IX. 2 
68. Given one latitude the diſtance, and departure : EY 
- Exam. A pip from the latitude 37 0 N., . o You 


ſailed between —— N. and W. 1027 Waile, * . ſhe has 2 564 miles of 
—_ ; what war her air wy and the preſent latitude and long:. 


By Misst Kis SA1I Io. 
By ConSTRUCTION. Fig. 15. Plate XIII. 


Draw the meridian line Ap; deſcribe the quadrant a mp ; make a a 
=564 m.; from A, with 1027, the diſtance, cut a c, drawn parallel to 
AD, in c; draw Ac, and draw the departure en parallel to A p. 


By COMPUTATION. 


a —— 
_ —— —— = - — — — o N — 
. 


4 
Th 
uy 
| a 

: 
4 1 

1 


To find the courſe. To find the diff. latitude. 
ac: 4 5 + — Rad. gt Ser AD. 
As af. _ = — 6, 98843 As rad. = 9c oo  10,00000 
To rad. = ga® oo 10,00000[To diſt. = 1027 3001157 
So depart. | = 46g 2,75 128080 co-ſ. cour. = 33* 19/ 9 92202 
To fin. cour, = 33˙ 19%. | ire diff. lat. = 858,2 293359 
Now ze oO N. = Dep. lat. | Sum of the latitudes . 88* 18/ 
60)353(14 19 N. = Diff. lat. ä 7 — 
— Co-mid. lat. 45 455 


Then deſcribe the arc Er with the fine of 45* 51', and therein apply 
en from E to v; through F draw AB; and draw the diff long. B m. 

To find the diff. lingitudſe. : 1 : 2 : 1. 
As cof. m. lat: 4 © =” 0,1441 Now 9 o W. = Dep long. 
© To tang. cour. = 33 19 9,8177 9078810 06 W. = 
So diff. lat. = 858,2 2,9335 


= | 22 08 W. 
To diff. long. = yo | — 3 b.N.n 


LES % the Thavines „ 
New Zoth of the diſtance is 51,3 and of the departure 28,2. 
Find under what courſe, among the degrees, 28,2 ſtands in the depar- 
ture column againſt 51,35 in the — of diſtances; which will be un- 
der 33˙ 300 and againſt 42,8 in the diff. of lat. column. 
hen 42,8 x 20=856: hence the preſent latitude is 51* 16 N.; and 
the co-middle latitude is 45 52. - 


With the neareſt co-middle latitude 22. find 
3%2; the diff. long — he Ae, * 


among 
Then 5. ve 5d for the Ga. — | 4 * A 


| 
7 
uy 
F 


ö 2 
531. 
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6 By Mencartor's SA1LING. 
* By CoNnSTRUCTION. Fig. 23- Plate XIII. 


Drawn a meridian AB; deſcribe a quadrant amp; make A a=5643 
draw 4 © parallel to An; from à with 1029, the diſtance, cut @c in c; 


ComPUTATION by Meridional Parts. 


Ts find the cour . 1 latitude. 
c : rad, 2 3 CD : 4A pas Rag 7 1 Ac: : fin. DCA: AD. 
. fig. 10 »98843|As Ra e 90% oO 10,00000 
pn = 9c oO 10,00009| To diſt. = 1027 3.01157 


80 depart. e 275128080 col. cour. == 33% 16 9,9222 


To ſin. cour. 


Now 37 ON. 
0580 18 N. 


— 


81 1 N. = Preſ. lat 


* 19 9.7397 . To diff. lat. 858,2 2.93359 
| — 
Dep. 
Diff. lat To 37 oo, the mer. * 


— — 


Then make ABZI204; continue Ac till it meets BE, drawn parll 
to Ap; and BE is the diff. longitude. _ 
To find the diff. longitude. Be ((( 


As rad. _ = 90 o& IG, Now ge oz W. nh 1 
To tang. cour. == 33 19 9.81776(60)791(13 in W, = Dif. long. 
So m. diff. lat. == 1204 3.08063 


22 13 W. Pre, long. 


Courſe NW. b. N. nearly. 
| ComPUTATION by Logarithmic Tangents. 

Find the courſe and preſent latitude as above, 

Then, Dep. lat. 37* of N. Co-lat. 53 oof. Z co-lat. 26 30'. 


To diff. long. == 7914 — 


"1 z co-lat. 260 30, 305 its Tog- tang. = 
To & co-lat.' 19 21, its log. tang, 1E 


Difference = 6. 
N ; — — — 


7. find the tiff longitude, | 
9,8984 

OG 5 = 1522 22 | 
* cur. == 33® 19 9.81776 


2.896 


By the Tab TABLE. 


Hence the . is 1 16. N.; and the mer. diff. lat. 21 
Toth of which 150. 6 : wh 


againſt whi the departure, 
by eee le — 


which, multiplied 
7 PRO- 


S314 


tran de Jeparture en parallel to A 5, and draw the diſtance AC. CR 


= - To 51* 18, the mer. parts = 3598 


Mer. diff. lat. = : 1204. 


Pref. lat. 51 18 N. Oo-lat. 38 42. Z co-lat. 19 21. 


Find, as 7 7 dy proprining or the parts, the dif lat.=8g6, and 


to öder in the column of latitudes, under 33“ 30%, find 60,04, the neareſt | 
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Jo. . PROBLEM. IH; 
Given one latitude, departure, and diff. longitude : 
Required the other latitude, courſe, and — 
Exam. A fhip from the latitude 5118“ N., longitude” 22˙ 06 / ., 
baving ſailed between the S. and E. for ſeveral days, reckons ſbe has 


| $64 males departure, and 786 miles of longitude : what is the * 2 


ung. of toe "oo arrived at, and alſo her diract courſe and diſtance ? 
This Problem cannot be reſolved by Mercator's failing. 


By MiIpDIE LATITUD E Sailing: - 
By ONSTRUC TION. Fig. 16. Plate XIII. 

Draw a meridian Ap; deſcribe the quadrant A m p; in the are mg 
apply the chord m B=786, the diff. long. 3 draw AB; make m a=56,. 
draw a F parallel to A m, and with the us AF deſcribe the are FE, and 
Saw-the chord xy. | 

eng and Ar the fine of the co-mid. lat. 

42 Sarnen | 


14 18 8855 m. 


Make ap=858; draw pc parallel to A p, and equal to EF ; then ac 
being drawn, will be the diſtance; and E Dac the courſe. 


To 5 the courſe. To find the diflance. 
| P S:327 04 0. Sin. Dae: DC :: rad. : ac. 
As diff. os = 858 7,06651/As fin. cour. = 33% 19 026022 
'To diff. == 786 2, 895 42 To =o = 564 2,7; 128 
So co-ſ. m. 45 517 2.558380 = 90 &o 10, 00000 
To tang. our. = 33 19 968177 o diſt, == 1027 3.01150 


Now 22% 06' W. == Dep. long. | 


The courſe is SE. b. S. nearly. 
9 oo W. = = Pref. long. Diſtance 1027 miles. 
— Preſent lat. * N. 
| By the TRaAveRsSEt TABLE. | 
Now Leih of the diff. long. and dep. are 39,3 and 28, 2. 
Seek in the table, uncil the given depart. 28,2 is found in its ** 
inſt the given diff. long. 39, 3 in the column of diſtance; and it gives 
> — mid. lat. among the degrees at the top or bottom of che table. 


Here 28, 2 falls between 25727 (over 46*) and 28, 11 (over 444 


the depart. anſwering to the diſt. 39933 therefore, taking the co-md. late 


A 50', the preſent lat, is 37* N. ; the dif, lat. is 856; and its 


| zoth | is 42,8. 


Then 42,8 and 28,2 will be found 8 the courſe, 
and between 51 1 ſuppoſe 2 . econ 
2 diſtance. 

by 20, gies 1024 for the PROBLEM 


vl. GLOBULAR SAILING u7s 
PROBLEM xl. | 


1. Given one latitude, courſe, and difference of longitude : 
7. Sieg the other latitude and diſtance. | my | 
Exam. A ſhip from the lat. 37* OO N., longitude 22" 56 W., runs on 
courſe N, 33 19 E., until ſhe finds her difference of longitude is 780 
Ale: what is her preſent latitude and diflance ſailed? o 
F This problem cannot be reſolved by middle latitude failing. . 

By MzRcaToOR's SAILING. 
By ConsTRUCTI1oN. Fig. 24. Plate XIII. 
Draw the meridian AB; deſcribe the quadrant a m; continue A g till 
a a=786 miles, the diff. longitude, and draw AE parallel to an. Make 
the arc m c 3 19; draw the rhumb a till it meets ax in E, and draw 
 ComrevuTATION by Meridional Parts. 
To find the mer. diff. latitude. Þ 17 5 

* $31. * Dep. lat. 37 o N. Mer. pts. 2393 

= 33* 19 , 182244 Mer. d. lat. 1196 
= 90 oo 10,00000] | Ip" — 
= 786 2,89542 Preſ. lat. 51 125N. M. pts. 3589 


Tom, diff. lat. 1196 3, 7766 Diff. lat. 14 128523 miles. 


Make Ab gg852f; draw Dc parallel to A p; then Ac is the diſtance, 
To find the diſtance. Sin. Da , ; AD : ; rad. AG 
As coſ. cour. = 33 19 o, 07798 | : | 
To diff. lat, == 852.5 29306 

So rad, == go” 10, O0 


| As tang. cour. 
To rad. Th 


To diftance == 1020 3.00867 


'  ComPpUTATION by Logarithmic Tangents. 

To find the preſent latitude. Dep. lat. 37 o Co-lat. 33 oc. 
T CC LE-LE- 0 Zco-lat. 26 30. I.. tang. 9.69774 
As tang. cour, = 33* 19“ o, 182244 ext & = - $38. 


To diff. long. == 786 2,89542] »> _ v 5 e 
So *'= 10,10151/Fco-lat. 19 24. L. tang. 9.54664 
Tos in Jeet. 38 48 i 


— Therefore the pre. lat. is 51* lz N. 
By the Txaverss TanLs 
Seek the diff. long. in the column of departure to the given courſe, 
a” : gives 2 the column — the N lat. 
kus under 33 15, againſt 39,2 (2th of 786) in the departure 
Rands 50, 38; 15. proporti Mn „Which, multiplied by 20, gives 
1199 for the mer. bi at. Hence the . preſent lat. is 51* fr N.; and 
the diff. lat. 854 ; its th is 42,7. ee 
Then under 33* 15, in the col. of lat. 42,7 ſtands againſt 31 in the 
ddl. of diſtances; which multiplied by 20, gives 1020 for the diſtance. 
— PROBLEM 


_—_— 
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PROBLEM XI. 


72, Given the courſe, and difference of longitude : 
Required the little, departed rom and arrived a 


ee „ @ ſhip ſails 8. 33 15 E. 
fbe has made 564 miles of 3 e Fa 
tude ; œ— — te 


S$orvTion. 


As an enn to the 
So is the co-fine of the courſe to the difference of the Jatitude=$69 

And as the diff, longitude is to the departure | 

So is the radius to the co-ſine of the middle latitude 440% 


— 20! the dit lat. the half is 7 107. 


 Thengg* o/ +7* 10'=51* 19% the latitude failed from; 
And 44 99—7 10 =36 59, the latitude arrived in. 


Hence any two of theſe four particulars being given, viz. * 


Courſe, diſtanee, e, Former — oy latitude, 
tog ether with the an 


The wo kae may thence be found. 
PROBLEM XI. 


73. Given one latitude, diſtance, and difference of longitude : 
Required the courſe, and the preſent latitude, 


SOLUTION. 


1. Find the meridional diſtance (37) to uſe as a firſt departure. 
| When the courſe is toward the equator, augment this mer. diſt. for 
a ſecond departure; if toward the pole, diminiſni it for a ſecond de · 
|  parture. Let the iſt dep. be altered about a 0 


ſecond 

2. With the given diſtance and theſe „ taken tely in order; 

Find the reſpective courſes, and differences of latitudes. (VII. 32) 
And hence, the preſent latitudes and mer. differences of lat. ($2) | 

+ To each courſe and reſpective mer. diff. lat. find a diff. long. (48) 
Between each of theſe differences of longitude, taken in order, and 


c 


ake the product of the it departure the 2d 22 
| Ae the 28 depurtr bythe bl era 1 


„ 


＋ 
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differences of longitude found the 3d art. were both too 
g if Hr all ; 1 ——— 


for the true departure. | 
vw the two. Glace found were one too great, and one too 
(mall ; let the ſum of the faid products be divided by the ſum of tg 
aid errors, and the quotient may be taken for the true | 
6. With the true dep. and diſt. find the true courſe and diff, latitude. 


(VII. 2) 


he lat N., havi ** 
E . of 37 4 27 for ſome days on 


has made 790 miles of di; e „ 4 fie fleer, 


and what latitude has ſbe come to 

With radius and the diff. long STE (631) which kgs 
ing diminiſhed 1 about-its ob, 4 ves 531. 

ben 631 and 531 may be taken | and 2d 


The diſtance 1027, and theſe dion! wal give the courſes 37 45 


14 43. 
He che ſuppoſed latitudes are 34 and 51* 4/4 and the meri- 
RE OO RT Og ng 4 
2 1135 and 1245, taken with the courſes 37" 45' 1 
. 
2 9, 1it error, too great: 
Alſo =42, the 2d error, too ſmall. 
— errors is 131, the diviſor. 


The fi 


8 631 X42=26502 ; and 531 x 89472593 we ſym of theſe pre- 
is 73761. 
Then 73761131 gives 563 for the true departure. 
With the dit ſt. hs and dep. 563, the courle is N, 33 15W, 
The diff, lat. is 860 m. 214 20'N. 


* 315 20 N. 


be divided by the ifference of the errors, and the quotient may be ; 


has run 1027 miles, aud 


* 
317, and alfo the differences of latitude 814 and 883; or or 17 34 and 
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3 SECTION v. 

Of compound Courſes corrected by Lon gitud;, 

aner e wn 1 che princi 


per allowances. for longitude are to be introduced into ſuch accoun 
which is eaſily done by any of the following methods. 9 


74. 1 ˙ 15 + 3 

* Complete the traverſe table to each courſe and diſtance, and ful 

the whole diff. latitude, departure, and preſent latitude. (VII. 
2d. With the diff. latitude and departure find the dir courſe and 

diſtance. — 


2d. If you work by middle latitude, with the departed latitude and pre. 
— find . lat.; with which, and the departure, Fn 
oe RSS e aac 5 
„Or 4th. If by Mercator, with the departed latitude and preſent lat. 
tude find the meridional difference. of latitude ; with which, and the di. 
rect courſe, find the difference of longitude. [59 
8 Rur II. By Middle Latitude. 3 
I, To the traverſe table (completed as above) annex ſeven other 
cols.; intitle them dep. lats., preſ. lats., ſum. lats., mid. lats., co-mid, 
lats., diff. longit. MR 
2d. By the ſeveral differences of latitude found in the traverſe table, 
fill up the firſt and ſecond columns; and: hence the correſponding ſum. 
Lats, mid. lats., and co-mid. lats., will be obtained. 
zd. With each co-mid. lat., and correſponding departure, find the diff. 
_ of longitude to each courſe (64), and ſet them in the columns marked 
E. W., according to the name of the departure uſed. | 
| 4th. Add up both the eaſt and weſt columns of longitude, and the dif- 
ference of their ſums will be the whole difference of longitude. ; 
765. RUE III. By Mercator. 
iſt, To the traverſe table (completed as above) annex five other 
columns: intitle them ſucceſſive latitudes, meridional parts, mer. diff 
laz., diff. long, 8 OS | 
| 24, By the ſeveral differences of latitude, found in the traverſe table, 
fill up the column of ſucceflive latitudes; ſet their meridional parts in it 
column ; and the meridional differences in its column. f fn 
| To each courſe, and its correſponding meridional diff. lat., 
(59) the diff. longitude ; which ſet in its proper column. | 
" 4th. The difference of the ſums of the eaſt and weſt columns of lon- 


be 


: 77 ExAM* 


> 
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EXAMPLE I. Yeſterday neon we were in latitude 238" 14 N., longi- © 
48. 19 ang How face 125 1 4. NW. v. W. 46 

b. m.; m nz; | 
1. 85 — 5th. 5. b. W. 20m. ; 6th, NE. b. N. 60 un 


Pepin the, 
Require the ſhip's place with ber direct courſe and diſtance. 
| By the Finsr RuLE. 


- = 1 T2 1 T 2. 


— 33) dees N. b. .de en- 


By Mippie LaTrTUDz. | 


"Exphanarion. e 3 
„ ee under” * 2 | 


Reed 
the col. we 2 
| amon » At 

d the mer. diff. lat. 8 (or its 1 be 69,0) found 


 cureſponding dep. 28 (S188 for the 
5 By 


6 GLOBULAR, SAILING. Book vm. 
1 the r 4.4L 


12 — Tan 112 


Loenorry de Ta z. 
T Piet Sum. | Mid. | CT 
| lats. | | * Mid. C. * 


55 59% 13138 361519 2% 
| * 3478 33139 160 % „ 
0 39 32 79 3239 46150 10 | 


3 139 12178 44139 22 50 38 
8 40 2179 14139 37150 23 


— — _— 


— 


- Dis. longitude. — — 


rere 
Dep. lat. 355 1 8. any 2 45 N., gives preſ. lat. 38* 50 N. 
Dep. lat. 38 f lat. 35 N., gives pref. lat. 39 34 N. 
Dep. lat. 39 N.; and GE lr 2 N., SC oN. 
. lat. 40 78. N., and diff. lat 28 S., gives pfeſ. lat. 39 32 N. 
And ſo on, to make the firſt two columns i in the longitude table. 
The ſum A ;each. oppoſite two gives the ſum of lats. in 3d column. 
From theſe ariſe the columns of mid. lat. and co-mid. 
Then (by art. 64) with each co-mid. lat., and correſponding departure, 
the column of longitude is filled up; and the fums of the columns of 
— EPS taken, their diff. will be the whole * of * 


By the Tura Rur. 


vas * 


Lonormupe: TABLE. 


LEY — — » . 
* = * - » . 


M. Diff. 


l 


„rt Tl 


0-3 To 1 152 — 2 | 
FATE | 


1 5 Lk 50 ; 
5 


. 
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8. EXAMPLE II. Suppoſe a ſhip from the latitude 32 20 M. and lone 
= 14* 38“ W., has ſailed the following courſes, viz. NED 


61. ESE. 43m. 2d. SW. 32m. 3d. SE. b. S8. 58 m. 
4th. SSW. 60m. So ing 8 | 
Required her preſent latitude and longitude, alſo her direct courſe and 
diftance. ; | \ . | 
By the FIRST RuLE. 
The Traverse TaBnLE. þ 
Courſes. PI N. 8. E. W. 


EskE. 43l | 1651397] | 
SW. 32 22,6 22,6 
SE. b. 8. 58 48,2 32, 2 | 
SSW. (6 55.4 23, 


— — 


| Diß,f. lat. 142. 719} 45-6} 


e 8 | 

Hence (VII. 33) the courſe is 8. 10? 3o' E. diſtance 146 miles: 
77 find the difference of Longitude, 
By MID DIE LATITUDE: | 
$2? 20 N. Mid. lat == 51® 8 


Dep. lat. 


Diff. lat. = 2 23 8. [Co- mid. lat. = 38 52 
5 | . 
Preſent lat. = 49 57 N. Dep. long. = 14 38 W. 
- Diff. long. = o 42. (64) 
Sum, lats. = 1 9 Ea: 
[Preſent long. = 13 56 W. (VI. 53) 


= _ By MERCATOR. 
Dep. lat. 52% 20' N. Mer. parts 36980 Depart. long. = 1. | 
Pref. lat. 3 57 N. Mer. — — DiE long, © = © 42 Bl. (59) 
Mer. diff. lat. 228 Preſent long. — 13 56 W. (VI. 53) 
00 ExrIAUAT TOR. . 
The halves of the diff. lat. and dep., viz. 71, 35, and 13,15, being 
bought for, ſtanding together, in the traverſe table (VII. 67), their nearel 
numbers, viz. 71,73 and 13, 30, ſtand under 107 30“ for the courſe; and 
againſt 73 in the column of diſt.; which doubled, as the table was entered 
with halves, gives 146 for the direct diſtance made good. | 
The co-mid. lat. 38* 52/, or its neareſt 38* 45; being ſought in the 
traverſe table (VII. 67) ; then in the column figned Dep. the number 
neareſt to 26,3 (the dep. by this queſtion) ſtands againſt 42 in the col. of 
t.; which is to be taken for the difference of 2 
Or thus, Seek under the direct courſe 10 300, and in the column 
ſigned Lat. for the neareſt number to the mer. diff. lat. (2228, or to ſome 
part thereof, viz. its g) 57; then the correſponding departure is 10, 573 
Which, taken four times, gives 42,28 for the difference of longitude, 
Vor. II. 3 By 
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1 "Teavenss Terz. 


— — 


LonGiTUDE Tani. 


— 


DIN s. E. W. 


** 


397 


32,2 
23,0 | 


16,5 
22,6 
48,2 
594 


22,6 


Dep. | 
| lats. 


529 20/ 
52 04 
51 41 
50 53 


Preſ. 
lats. 


52% 04 
51 41 
50 53 
49 58 


Sum 
| lats. 


142.7 779 45,6 | 


26,3 IM 


10424 
103 45 
102 34 
100 51 


: — — — nn 


Mid. 
lats. 
520120 
31 52 
5117 
50 26 


Co- m. 
lats. 
37248 
38 08 


39 34 


38 43 


D oa. 
Ex. 


— — 


65 


2. 


5 


EXPLANATION, 
20/N., and diff. lat. 16 S., give pref. lat. 525 0 N. 
S., give preſ. lat. 51 41 N. 

48 S., give preſ. lat. 50 53 N. 


Dep. lat. 522 


Dep. lat. 52 04 N., and diff. lat. 2 
Dep. lat. 51 41 N., and diff. lat. 


Diff. Ion. = 


Dep. lat. 50 53 N., and diff. lat. 55 S., give preſ. lat. 49 58 N. 
Which completes the firſt two columns of the longitude table. 
The ſums of the oppoſite dep. lat. and pref. lat. make the zd column. 
The halves of thefe ſums make the mid. lats. in the 4th column. 
And their complements make the 5th column. 


Then with theſe co-mid. lats. and their correſponding 


3 the 


| differences of longitude being found (64), and ſet in their proper columns; 


the difference of the ſuqs of the columns of 


difference of longitude. 


By the THrrnd RULEZ. 


longitude gives the whole 


Taavzäsz Taz. Loxcir ups TanLe. 
EE: yg Be [Meria. Mi Dif. long. | 
| v Succeſſ. Merid. Mid. 
Courſes. D. 8 8. | E. | W. | lats. | parts. lat. | E * "W J 
. 20 20 3697, 8 N | | 
ESE. 43 | 16,5] 39,7] 25 04 | 3671, 26, 1 62,8 | 
SW. [32] | 22, 22,651 413634, 37-3] 37,3 
SE ͤ b. 8. 7⁰ 48,2032, 2 50 53 3557.7 76,7] 51,2 | 
__ |SSW. al 554 23,049 58 | 3471,4\ 86,3 - 4557 
Diff. lat. 142,7 71,9] 45,6 1114.0 73.0 
Depart. —= 26,34 Diff. long. 41.0 | 


EXPLANATION. 
By the differences of latitude, firſt found, the column of ſucceſſive la- 


titudes is filled up; to theſe the meridional 


parts and their differences ate 


then taken; the courſes and correſponding meridional diff. lat. give (59) 


the differences of longitude, 


In this example, the difference 1 in the reſult by the three method» 1s 


very — 


79. Ex- 
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79. EXAMPLE III. Sz 72 oſe a ſhip from the latitude 67 30 N, longi- 
eude 8 46 W., has ſailed the following 8 VIZ, 


NE. 64m. NNE. 50 m. NW.b.N. 58 m. WNW. 72 m. 
Weſt, 48m. SSW. 38 m. 8. b. E. 45 m. ESE. 40m. 
Requi red her preſent latitude and longitude. 


By MID DIE LATITUDE, according o be cn Rule. 


"| Di. lats. | Depart. [gg] sam | Mid. Co-m.\ Dns 
8 "wo lats, | lats. | lats. | lats. 

= |. = 079 3O\ o G6 at 3» 
Ins. [64] 45-3] | 45-3] 68 15135 4567 52/22 1 * 
NNE. 509 46,2 19,1] 69 011137 16/68 38021 22 | 
NW. b. N. 58] 48,2 WEE... 69 491138 5069 25 20 35] | 92 
NW. 72 27.6 | 66.5 70 17 140 06/70 0319 57] [195 

| | 88 I 48,0170 17 140 3470 1719 43] 142 
ISSW. 38 3551 . | 14-569 42 139 5969 5920 01 | 42] 
IS. b. E. 45 441] 8,8 68 58 138 40069 25 20 40 2 | 


Q 
- 
7 
1 

2 


n none 


9 Te 


ESE. [4c| 15,3 369 68 43'137 41168 50/21 10110 


+ 1167.3 94.5 110,1 161, B e 300 710 


— —vuau⅛— 


_ _ N 


| 
Diff. lat. 72,8 3 2 Diff. long. = 171 

B MERCATOR, according to the third Rule. 
Dit. lat. Depart. |Succeft| | Mer. Mer. | long. 
TS LHES hn Lonet pave EY 


— 


5 
. 


Courſes. 


6— —„— 


ſer bg 
68 1556711119, 119, 
69 o115797,3 126, 5 2, 
4 | | 32-2109 49159339 [136,6 91,1 
{WNW. 72 5 66,5 70 17 6016,00 82,1 198, 
{Weſt 48 48.070 17 6016, 00,0 142, 
SSW. 38 35,1 14.5 69 42 5913, 7 102,3 42,4 
8. b. E. — | 44.1] 8,8 68 58 66789,0 124,7 24,8] WF 
ESE, WS! 15.30 36,0] . |68 4357474] 41,6/100,7] 


NE. i 64 
INNE. 50 
NW. b. N. 58 


„ Mhnccd 2 ct * 


LY 


— — — "— — 


"fa 9465 [110,1/161,2 x 297.4474: 


— 
| 
+ bod. e ne 
I. Diff. lat. = 2278 — eee 
Hence the preſent latitude is 68® 43/ N.; and preſent long. 11* 427 W. 
According to the firſt Rule, | 
The co-mid. lat. between the firſt and laſt lats. is 21s 54, with which, 
and the departure 51,1, the diff. Jong. will be 137 miles. 


Alſo the mer. diff. lat. between the firſt laſt lats. is 195,8 ; with 
_ which, and the diff. lat. 72,8, and the dep. 51,1, gives a diff. —. 22. 


han. 


TOO THis if Yak of this Book. 
%, - Q 2 80 Ex- 
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80. FxameLE IV. Supp of a ſhip from the latitude 68® 30 N. hn- 
gitude 8˙ 40 E. has ſailed the Aeg courſes, Viz, 


NE. b. N. 63m. NE. 38m. NNE. 56m. 
North om. NW. b. L. 25m. NNW. 1 W. 36m. 
N. by E. 4om. NE. b. E. f E. 72m. SE. Som. 
ENE. 65m. 


Required her reſent latitude and longitude, wah her diret not and 
Faxes te the North Cape, in lat. 71 27 N., longitude 26* 30“ E. 


By M IDDLE LATITUD E, according to the ſecond Rule. 


ez | Diff. lars. 1 5 — Succeſſ. Sum Mid. . D. lon. 
L tn. lats. lats. 858 E., W. 
ö 1 0 it's / 21 
NE. b. N. 138 869 420 560 98 
{NE. | 139 27/69 43/20 17| 78 
NNE. 140 46/70 23/19 37 64] |} 
(North. 9142 8/71 418 56| oo oo 
NW. b. N | 40 [142 591/71 30/18 30 44 
NNW. 121143 5271 56018 4 | 55 
N. b. E. 145 3/72 31/117 29 26 
| NE. b. E. E. 7 2 146 1673 8]16 52/220; 
i 5E. 35-3] 72 50 146 15]73 7116 532 
F JENE. 60,0] 73 15 146 573 3116 57 205 
1 . 249,9 3% 312 99 
4 Diff. lat, — 276% |219,0 „„ Diff. long. 7 
2 By MERCATOR, according to the third Rule. 
nw 2 4 |} DI, lats. | Depart. | gacce Mer Mer Diff. long. | 
bi 1 —.— Succeſl| Mer. | Mer. | 8. 
3 | Courſes. D N. | 8. | E. W. * | pars . 2 E. W. 
14 FwAT_— T_T 
"| v4 | 1 | 00" 391573357 
18 NE. b. N. 63 5254 350% |6g 305879, 
114 NE. 380 26,9% 26,90 69 57 5957˙2 
1 NNE. 56| 51,7 21,4] 70 49;6112,1 
1 {North 330 30,0! 2 21 196204, 
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By the FIRST RU IE. 


With 2th of the diff. lat. and departure, viz. 27,51 and 21,9, the di- 
rect courſe is N. 38 300 E., and diſtance 353. | 3 

The co- mid. lat. is 19? “; with which, and the departure 219, the 
diference of longitude is 673. 3 

The meridional diff. lat. 852,4; with which, and the direct courſe 
38 30“, the difference of longitude is 676. 

To find the direct courſe and diſtance from the ſhip's place to the 
North Cape. | | | | . 
Depart.  -- = 68® 38'N. | Dep. long. == Yo 40 E. 
4 "RE A Diff. long, ==11 53 E. 
Preſent lat. == 73 14 N. Mer. parts = 6582,6|Pretent long. = 20 33 EK. 
N. Cape's lat. = 71 27 N. Mer. parts = 6229,6|N. C.'s long. = 26 30 E. 


Diff. lat. = 1 47 NM. d. lat. = 353.0 Diff. long. == 5 57 E. 


— —ꝓ—ͤ—⅛— | — — 


Or =107 miles. „ = 357 miles. 


By MID DIE LATITU RE. 


Sum of the lats. 144 41/ ; mid. lat. 72 217; co-mid. lat. 17 307. 5 
To the co-mid. lat. 17 39/, and the diff. longitude 357 (=119X3) 
taken as a diſtance, the correſponding depart. is (36,28 x Z=) 108,84. 
As the diff. lat. 107, and depart. 108,8, are fo nearly equal, therefore 
The courſe to the North Cape is SE., and the diſtance 152 miles. 


By. MRRCA TOR, 


The meridional diff. lat. 353, and diff, long. 357, taken as a diff. lat. 
and depart. gives the courſe 8. 45* 20' E. and the diſtance 152 miles. 


1 CD REMARK. 


The three methods of operation are ſufficiently illuſtrated in the pre- 
ceding examples. From whence it may be inferred, that in latitudes not 
exceeding 45?, the fit method, or that uſually practiſed at fea, is correct 
enough for any runs that can be made in one or two days.; and one day's 
run may be ſafely worked by the fame method in latitudes as high as 50? 
er 52: but in latitudes nearer the pole, it will be proper to find, the 
difference of longitude to compound courſes by either of the ſecond or 
third methods, as may be ſeen by comparing the reſults to the third and 
fourth examples; the firſt method giving the difference of longitude too 
(mall, by a quantity conſiderable enough to produce fatal conſequences, 
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8 E CT ON VI. 
The ConflruBion and Uſe of a Mercator's Chars. 


I ̃ be linear and numeral 1 of ſuch queſtions as may be propoſed 
concerning failing, by the principles on which Mercator's charts are 
founded, having been ſufficiently exemplified ; it follows next to ſhew 

how ſuch queſtions may be folved by the chart itſelf. 


$2. PROBLEM I. 


To mabe a true ſea-chart,. which ſhall ſhew the known fea coaſts, Nandi 
rocks, ſhoals, c. that are contained within any propoſed limits. 


Wien 


rt. Conſtruct the boundaries or limits of the chart, within the pro- 
— latitudes and longitudes (13), and let the degrees of latitude and 
gitude be marked on theſe limits. 

2d. On a piece of ſtiff paper, parchment, c. make a ſcale of equal 
parts, like the degrees of longitude that are in the graduated parallel of 
latitude, and let the diviſions on this ſcale be numbered in the ſame 
manaer, 

3d. From a table of the latitudes and longitudes of places (VI. 137) 
extract thaſe places, with their latitudes and longitudes, that lie wha 
tae propoſed limits. 

4th. Then by ſliding the outſide diviſions of the ſcale of the graduated 
paralle] along the graduated meridians, fo that both ends of the ſcale, at 
the - ſame time, always cut like diviſions of latitude ; the points corre- 
ſponding to the latitudes and longitudes of the places contained within the 
propoſed limits may be readily marked in the chart. , 

5th. Lines being properly drawn from point to point, will form the 
outlines of the ſea coaſts, iſlands, c.; to which may be annexed the 
depths of water, ſetting of currents, and whatever elſe may be Judged « con- 
venient for the chart to contain. 

In this manner the ſea- coaſts, c. were laid down in the chart, Plate 
XII.; containing part of the fea coaſts of Europe, Africa, and America, 
with the intermediate iſlands, extending from the latitude of 23 degrees 
to 59 degrees north; and from the longitude of London, or o degrees to 
Zo degrees of weſt longitude. 


83. The Gunter's ſcales have two lines drawn on them; one marked 
AA. K., ſignifying the nautical meridian ; and the other, which is placed 
direQly under it, is marked E. P., ſignifying equal parts. | 
I "Theſe equal parts are degrees of longitude, to which che diviſions of 

the nautical meridian are fitted, by increafing them in their true propor- 
tion; which is readily done by the table in Art. 13, taking the meridional! 
degrees from the ſcale of equal parts, or degrees of longitude. Theſe 
two lines, or ſcales, are uſed either to conſtruct a Mercator's chart, or 
to ſhew * che meridional diff, lat. between any two parallels of lati · 


. | 
T8 


- - 
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The conſlruflion of a Mercator's chart (or rather the limits or borders of 
it) is eaſily performed by theſe lines, by transferring the diviſions, corre- 
ſponding to the degrees to be uſed, from theſe ſcales to the paper the chart 
is to be drawn on. See Plate XII. Thus: 


of longitude (82), between the degrees of longitude where the chart is to 
begin and end (ſuppoſe between the longitudes o and 80”). 
Through theſe two extremities (A, B,) draw two meridians (AD, BC,) 
each of a length equal to the extent, taken from the line of latitudes 
(Mer.), between the two latitudes where the chart is to begin and end 
(ſuppoſe between the latitudes 23? and 59*). 


thoſe ſcales, and ſeparately applied in their reſpective places, will form the 
borders of the chart as required. 35 
The meridional difference of latitude is found by taking the extent, on 
the meridian ſcale, between the two propoſed latitudes, in a pair of com- 
paſſes, and applying it to the line of longitude; then the number of 
equatorial degrees, and parts of degrees, being reduced to miles, will ſhew 
the meridional diff. latitude between thoſe parallels. =: 
The ſcale of longitude, which was put perhaps on all the two-feet 
Gunter's ſcales made before the year 1746 for common ſale, had each 
degree of longitude rather Jeſs than {ith of an inch, and the meridian 
ſcale fitted to that ſize; ſo that about 8 
the length of the ſcale: and conſequently the charts conſtructed from 
them had their degrees rather too ſmall to be of much uſe to ſeamen, 
whoſe inſtruments and hands are not, uſually, ſo nice as to work with 
tolerable accuracy on ſuch ſmall charts; and ſuch ſcales continue ſtill to 
be made by ſome workmen. But ſince that time certain alterations, 
conceived to be uſeful, have been made in Gunter's ſcales by ſome of 
the inſtrument-makers, to whom they were communicated * ; and now 
a degree of longitude is made nearly half an inch, and is divided into five 
parts of 12 minutes each ; and the meridional degrees, fitted thereto, are 


beginning at 40*, extends to 68; moſt navigations being performed 
within thoſe limits. . „ 


of meradional parts, or a ſcale of the differences of longitude ta a courſe on the 
fourth rbumb, ar to the rhumb making angles of 45 degrees, with the meri- 
dians, on a Mercator”s chart. 1 | Tn 

For to the latitudes oe, 5?, 10®, 15, 20*, 25, 305 Sc.; the half 
complements are 45% 421, 40", 3717, 35 » 324 39, Sc. Therefore, 
if on the ſcale of log. tang. be ſet the numbers 5, 10, 15, &c. againſt 
the diviſions repreſented by 45 421 „ 40, &c., and the intermediate di- 
Viſions be eſtimated accordingly ; then will thoſe diviſions, taken as lati- 
tudes, be the log. tang; of their half polar diftances, or half co-latitudes ; 
which (23) are analogous to the lengthened degrees on the meridian z 
and conſequently (19) repreſent the differences of longitude on the rhumb 


of 45%, 


* 


— cs. 


— —_ — — 


TM By the author of theſe Elements. 
24 A ſcale 


On an eaſt and weſt line (as) apply the extent, taken from the ſcale 


Then the ſeveral degrees both of longitude and latitude, taken from 


5 meridian degrees came within 


in two lengths, or ſcales; the firſt containing 40 degrees: and the other, 


— ſcale FA logarithmic tangents, put on the Gunter's ſeale, is alſo a ſcale 
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A ſcale of equal parts, or a ſcale of longitude proper to this ſcale of 
meridional parts, may be found by the table, art. 13, p. 137. Thus 
take from the ſcale of log. tang. marked as the ſcale of mer. parts, 3 

above faid, the mer. parts to any propoſed latitude ; then that diftanc 
being divided into as many equal parts as there are mer. deg. ſtandin 
againſt that latitude in the table, will be the ſcale of equal parts require 
Thus. The firſt 20% of lat. which is the diſtance from the tangent 
of 45˙ to the tangent of 35, being divided into 20,4 equal parts, will be 
the ſcale of longitude required. 
Alſo, the firſt 30* of lat. which is the ſpace between 45* and 305 on 
the log. tangents, gives 31,5 equatorial parts. . 

And (which is the moſt accurate among them) the diſtance between 

the tangents of 45 and 224, anſwering to the firſt 45 of latitude, gives 
50, 5 equal parts, or degrees of the equator. e | 


PROBLEM U. 


A latitude and longitude being given, to find the correſpanding place on the 
chart. Example. Lat. 32* 25” N. long. 17 21 W, Plate XII. 


SOLUTION. 


oft. In the graduated meridian * take the diftance between the pro- 
poſed latitude and the neareſt parallel of latitude drawn acroſs the chart 
with a pair of compaſſes, as between the lat. 32* 25”, and the parallel of 
amy 88 | 
a 2d. With other compaſſes, take the diſtance in the graduated parallel + 
between the propoſed longitude and the neareſt meridian drawn acroſs the 
chart, as between the lopg. 1) 21' W. and the meridian paſſing through 
20 of longitude. | Ss | Wy, 
3d. Slide the point of one compaſs along the meridian of 207%, and a 
point of the other compaſs along the parallel of 30 keeping the points 
of each pair of compaſles perpendicular to the line they ſlide along; then 
will the meeting of the other points of the compaſſes ſhew the place cor- 
_ reſponding to the given latitude and longitude ; which in this example is 
the weſt end of the iſland of Madeira. „„ 
This problem is moſt readily ſolved by the means of ſuch a moveable 
ſcale of longitude, as is deſcribed and uſed in the foregoing problem. 
Or thus. A meridian drawn through the degrees of longitude given, 
and a parallel of latitude drawn through the given degrees of latitude, 


their interſection will be the place required. 


—— — 


8 — 
— — n 1 
— , — 


The graduated meridian is the ſcale of latitudes on · the right or left hand 
borders ot the chart. Ss AE 


I The graduated parallel is the ſcale of longi | ch tor 
. 


85. PRO- 
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ds PROBLEM UL 


I place being given on the chart, to find its latitude and longitude. 
Suppoſe Palma, one of the Canary Iſles. Plate XII. 


SOLUTION. 


iſt, With the compaſſes take the ſhorteſt diſtance between the given 
place and the neareſt parallel of latitude ; this diſtance, applied to the gra- 
duated meridian from the ſaid parallel, the ſame way the place lies, will 
give the latitude ſought. Tus the diſtance from Palma to the parallel 
of 30, applied from 30 ſouthward, gives 28* 35 N. for the latitude 
ht. | | Es 5 
* In like manner, the ſhorteſt diſtance taken between the given place 
and the neareſt meridian, being applied to the graduated parallel from that 
meridian, will give the longitude: thus the diſtance from Palma to the 
meridian through 20", applied from 20" caſtward, will give 17 21 W. 
| longitude. 8 8 


5 PROBLEM x. 


Tuo places being given on a Mercator's chart, to find their difference of 
latitude — difference of longitude. 93 N. of 


Suppoſe Cape Finiſterre and the iſland of Porto Sancto. Plate XII. 


| SOLUTION. 
Find the latitude and longitude of each place; then the required dif. 
ferences are readily known. e 20 * 


1 3x7 f C. Finiſterre's lat. = 43 15 N. Long. = of 30 W. 
By Prob. III. I fi. Porto Sankto lat. == 33 15 N. Long. = 14 * W. 


Diff, lat. = 10 0 D. long. = 25 W. 
1 PROBLEM v. 


fu the bearing, or courſe, between two given places on a Mercator 


Suppoſe between Cape Clear and the iſland St. Michael. Plate XII. 
| SOLUTION. 


Lay the edge of a ruler upon Cape Clear and the middle of the iſland 
of St. Michael; and, bang the ruler in this poſition, take the ſhorteſt 
diſtance between the edge of the ruler and the center of the neareſt com- 
paſs, or fly in a pair of compaſſes; flide one point of the compaſſes along 

e edge of the ruler, till the other point cuts the border of the fly — 
the courſe will be found to be 8 W. b. S. IW. nearly. | 
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PROBLEM VI 


Two places being given on a Mercator's Chart, to find their diflance. 
88. Cask I. When the given places are bath under the ſame meridian, ,, 
ander the equator, | 


| SOLUTION. 
Find the latitude of each place when under the fame meridian, or their 
longitu es if under the equator. Gs | 
| Then the difference of the latitudes is the diftance fought ; or, the dif. 
| ference of longitudes is the diſtance ſought. | 


89. Case II. When the given places are both under the ſame parallel r 
Suppoſe between Cape Roxant and the iſland of St. George. Pl. XII. 
SOLUTION. 25 
Lay the edge of a ruler over the given places; take half the diſtance 
of thoſe places with the compaſſes; ſet one point on the diviſion cut by 
the ruler in the graduated meridian, and apply the other point upward 
and downward on the ſame meridian, noting the degrees of latitude the 
faid point falls on: Then the difference of thoſe latitudes will be the diſ- 
tance fought nearly. | 
Thus; half the diftance between Cape Roxant and the iſland of St. 
George, will reach from 38* 40%, the diviſion cut by the edge of a ruler 
- hid over thoſe places, to 45 0&/ northward, and to 32 20/ ſouthward 
the difference between theſe two latitudes is 12* 40/, or 760 miles nearly, 
for the diſtance required. CY 
But if the propoſed places lie in a parallel of latitude greater than 30 
degrees, it will come nearer the truth to work as follows: 
'ake that meridional degree in which the parallel falls in the com- 
paſſes ; and as many times as this diſtance is contained in a ſtraight line 
between the two places, of ſo many degrees is their diſtance to be eſti- 
mated ; which is reduced to miles as before. 22 
Thus the diſtance between the latitudes of 38? o/ N. and 39? oO N. 
will be contained about 125 times between Cape Roxant and the iſland 
of St. George, or the diſtance will be 12* 40/, as before.“ | 
A third method, better than either, is as follows: Conſider what 
number of points and parts of a point is centained in the co-latitude 
of the given places. Extend the compaſſes from one place to the other, 
and ſet this extent from the center of any one of the compaſſes, or flies, 
that is drawn on the chart along the rhumb which expreſſes the number 
of points and parts contained in the co-Jatitude, Keeping one foot of the 
compaſſes in the point where it falls, ſhut in the other until it will juſt 


ww —— 
VO =". 


* Theſe operations depend on the following proportion: 
As mer. diff, lat.: proper diff. lat.:: K loop. : departure ; which will 
2 but very little from the meridional diſtance, unleſs the places are verj 


5 


— 


touch 
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ch the meridian that paſſes through the center of the fly; and this 
— being applied to the graduated parallel will give the diſtance be- 
— the two places in degrees, as is plain from the principles of parallel 
ſalling · ; : | 5 

go. CASE III. hen the given places differ both in latitude and longitude. 

Suppoſe the Lizard and the iſland of Corvo. Plate XII. Fig. 4. 


SOLUTION. E 
Find the latitudes of the two places, and their diff. latitude. Take the 
df, lat. in degrees and parts from the equator. 3 
Lay the edge of a ruler over the two places; and ſlide one point of the 
compaſſes along the edge of it, until the other point touches a parallel 
(without cutting it) ; then, the other point reſting here, take the diſ- 


which being meaſured on the graduated parallel, will give the diſtance 

ſought in degrees. | | CET 57 | 
Thus the difference of latitude between Corvo and the Lizard is x0? 

o; then 10* o/ taken from the graduated parallel, and one point of the 


that point along CL till the other point touches the parallel of 50 degrees 


about 20 25/=1225 miles, for the diſtance required. a 
For, if the difference of latitude DE be taken on a meridian through c. 
from e to r; and the parallel of latitude n be drawn, cutting the rhumb 
line CL in H; then are the triangles LDE, her, congruous; and CH=DL. 
III. 95, 102) 


ſame proportion to one another, as have been ſhewn in Art. 25 of this, 


FH the departure, and CH the diſtance: Conſequently the diſtance DL, 
found as above, is the true diftance ſought. 
91. PROBLEM VI. . 


Given the latitude and longitude of the departed place, the courſe, 
latitude of the preſent place: Required that place on the chart. 


EXAMPLE. 


ſelf in 


Fra the latitude 27* 29' N.; required her preſent place. Plate XII. 
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tance from thence to where the edge of the ruler cuts this parallel, 


compaſſes applied to the edge of a ruler, laid in the direction cl, ſlide 
in E; then the diſtance DL, meaſured on the graduated parallel, gives 


Now it is evident, that the parts of the triangle cy, col, bear the 
where c is the proper diff. lat. c the mer. diff. lat., GL the diff. long. 


and the 


A ſhip from the illand of Flores runs SE. b. S. 4E. till the finds ber- 
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92. PROBLEM VI. 


| Given the departed place, and alſo the courſe and diſtance, to fd, 
. fent place on the chart. * Des 


| EXAMPLE. 
A ſhip from the iſland Ferro runs NW. b. N. ZW. 951 mile 
what is the latitude and longitude of the preſent place? Plate Ni 
Fig. 5. | 
SC SOLUTION. 
Lay the edge of a ruler over Ferro in the poſition of the given cou 
NW. b. N. i W.; take the degrees, 15? 51 in the given diſtance, 951 
miles, from the graduated parallel, and apply this extent from fer 
along the ruler's edge to R; take the neareſt diſtance between &, any 
a parallel pz drawn through Ferro, and ſee how many. degrees this ex. 
tent makes on the graduated parallel, which will be 11* 35/ ; thoſe de. 
rees counted northward from Ferro will give 397 27/ N. for the ſbip's 
titude ; then the point Q, where a parallel through this latitude inter. 
ſects the edge of the ruler, ſtill lying in the firſt poſition, will be the 
hip's preſent place. EM, _ 
93. F the courſe is due eaff or weſt. 


EXAMPLE 


A ſhip from Cape Roxant fails due weſt 760 miles: required her pre. 
fent place. Plate XII. EC | " 


3 SOLUTION. Ne 

Take half the degrees (viz. 6* 20') in the given diſtance 760 miles; 
add them to, and ſubtract them from, the given lat. 38* 42/, noting the 
| ſum 45* o, and the remainder 32* 22“: then the extent between thoſe 
degrees, taken in the graduated meridian, and applied from the given 
place weſtward in the parallel, will give the ſhip's preſent place; which 

will be near the iſland of St. George. 8 
Or thus, if the latitude be above 30 degrees: EL 
Take the length of a degree in the latitude of the given parallel, as 
much above the parallel as below it; and turn this diſtance over in that 
parallel, the ſame way the courſe is, as many times as there are degrees in 
the given diſtance, and this will give the ſhip's place. 

Thus the length of a degree taken in the latitude 38? 42/, and turned 
over from Cape Roxant to the weſt 125 times, the compaſſes will fall on 
the iſland of St. George. | 3 

Or lay the edge of a ruler over the center of a fly, in the direction of 
that rhumb which makes an angle with the meridian, equal to the co- 
latitude of the given place. Take the number of degrees in the given 
diſtance from the graduated parallel, and ſlide one foot of the compaſſes 
along the edge of the ruler, until the other touches the meridian paſſing 
through the fly. Keeping one foot fixed, in this poſition, by the edge of 
the ruler, open the other to the center of the fly; then ſet this extent 
from the given place along its parallel of latitude, and it will give the 
preſent plage of the ſhip, hs 

EE 94. PRO- 
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PROBLEM IX. 
oer the departed place with the difference of latitude and — Res 
qured the ſhip's place on the chart. 
EXAMPLE. 
A ſhip from I fails i in the SE. quarter 951 miles, and then finds herſelf 
in lat. 27 48, N., havi ing. altered her latitude 1135“: — her Pre- 
ſent place. Plate XII. Fig. 5. 


SOLUTION. 8 
Take the difference of latitude, 11 35 from the graduated parallel; 
hy this extent from Q along the edge of a ruler, lying north and ſouth, to 
x; turn the edge of the ruler about x, till it lies i in an eaſt and weſt poſi- 
tion: from the graduated parallel take 15 51', the degrees in 951 miles, 
the given diſtance 3 apply this extent from Q, to cut the edge of the ruler 
in v: let the points of the compaſſes reſt in Q and v, and apply the edge 
of the ruler cloſe to thoſe points ; then the point y, where the parallel of 
27 48/ is cut by the ruler's edge, i is the ſhip's place required. 


PROBLEM X. 


95. 
Given the departed place with the * and difference 7 longitude : Re- 
quired the ſbip's — on the chart. 


E x AM P L E. | 
A ſhip from fails NW. b. N. } W.: required ber place when ſhe has 
ahered ho * 12 53. Plate XII. Fig. 5. 


ä SoLUTION. 
| Take the given Ane of longitude 12 53 from the graduated pa- 
rallel; ſlide one foot of the compaſſes along the edge of a ruler laid on r, 
in the poſition PQ of the given courſe, until the other foot juſt touches a 
meridian PT drawn through P in 1; then will the point Q, where the foot 
reſts againſt the ruler's edge, be the place required. 


90. If the courſe had been due eaſt or weſt. 


EXAMPLE = 
A ſhip from Cape Roxant fails due weſt until ſhe has altered her long | 
tude 169 400: required her place on the chart. 


SoLUTION. 
Take the Ae of longitude 16* 40” from the graduated oth; 
then this extent, applied from the given place, Cape Roxant, due weſt, will 
dive the place required, which is near the iſland of St. George. 


97. i PROBLEM II. 


Given the departed place, with the — f latitude and aperture : 
Required the ſhip” s place on the chart. 


ExanpLE, 
A ſkip from Q, in lat, 39* 23 N., fails between the ſouth and eaſt ell 
ſhe comes into the lat. 27 48 N having made by account 649 miles of 
departure ; required the ſhip's preſent place. Plate XII.-Fig. 5. 


 S$OLUTIO u. 3 
Take the 2 difference of latitude 11* 35' from the uated pa- 
— y this extent from Q, along the edge of a ruler laid in the 


'Q to x; take * oO _ the given * | 


= 


— 22 


See Articles 85, 87, 90. 
Place on the chart. 
has made 649 miles of departure: required her preſent place; Plate XII. 


Lay the edge of a ruler over the given place v, in the poſition of the given 


- $P, applied to the graduated parallel, gives the diff. latitude z and conſe- 

quently the preſent latitude is known: then where the ruler's edge, lying 

in the ſame polition, cuts the preſent parallelel of lat. T., as in C, is tie 
place ſought, —- Eo Sr es hs 


bent place of the ſhip ? Plate XII. Fig. 5. 
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from the graduated parallel ; ſet one foot on x, andlay this extent 
to v. ſo that xv be in a perpendicular poſition to the ruler's edge: lay to 
edge of the ruler on the points Q and v, and where it cuts zy, the pargjg 


df the ſhip's preſent latitude in Þ, is the ſhip's place. 


Then the longitude, courſe, and diſtance may be found as befor, 


98. PROBLEM XII. 
Given the departed place, with the courſe and departure : Required the ſhip, 


 ExAMPLE. 

A ſhip from , in latitude 27 48 N., fails N W. b. N. ZW., until fi 
Fig. 5. 
a SOLUTION. | 
courſe NW. b. NIA W.; take from the graduated parallel 10 49 640 


the given departure, and ſlide one foot along the ruler's edge, until the 
other foot juſt touches a meridian Pr, drawn through v in s; the diſtance 


99 PROBLEM XII. 


Given the departed place with the dat ance, and departure : 72 the ſhip's 
preſent place on the chart. 205 os 2 And 


1 90 Ex A PL E. 5 
A ſhip from d, in lat. 30% 23 N., in failing between the ſouth and eaſt 
951 miles, found the has made 649 miles — Where is the pre · 


| RT EE 'SOLUTION, . | 
From the graduated parallel take 1049 2649 miles, the given depar- 
ture, and lay this extent from Q to o lireQily eat ; with the extent 15 5! 
295i miles, the given diſtance, taken from the graduated parallel, one 
foot being ſet in Q with the other foot cut the edge of a ruler laid on o, 
as a meridian, in v; then ov, meaſured on the graduated parallel, gives 
the diff. latitude, and conſequently the preſent latitude 27 48” will be 
found : lay a ruler's edge over C and v, and where it cuts the parallel al 
27 48, as in v, is the ſhip's place required, | 


4 
yt! 
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SECTION VII. 

Of ſailing on @ Great Circle of the Sphere. 

100. GREAT CIRCLE SAILING is the art of finding what places a 

| ſhip muſt go through, and what courſes ſhe muſt fteer, that her track 
may be in the arc of a great circle (or nearly ſo) paſſing through the 
place failed from and that bound to. þ 

Although Mercator's ſailing reſolves truly all the caſes incident to a 

ſhip's courſe along the rhumb paſſing through two places ; yet there is 

aſe in which the courſe performed on the direct rhumb line is the 


no C 


under the ſame meridian, or on the equator. 


For, on the ſphere, the ſhorteſt diſtance between two places is the are 


of a great circle intercepted between them (IV. 23) ; conſequently the 
ſpiral, or rhumb, paſſing through thoſe places, is not the ſhorteſt diſtance, 
except when that rhumb coincides with a great circle, which can only be 
on a meridian, or on the equator, . PT 
It is chiefly on account of the ſhorteſt diſtance that this method of ſail- 
ing has been propoſed ; and, for the moſt part, it is advantageous for a 
ſbip to reach her port by the ſhorteſt way ſhe can. OE NE. 


As the ſolutions of the caſes in Mercator's failing were performed by 
plane triangles ; ſo the caſes in great circle failing, are reſolved by the 
ſolution of ſpheric triangles. 


A great variety of caſes may be propoſed in this kind of failing ; but as 


they ſerve rather for exerciſes in the ſolution of ſpheric triangles, than for 
any real uſe toward the navigating a ſhip, thoſe which appertain to one 


Problem only will be here more particularly conſidered, as they are the 
moſt uſeful caſes that uſually occur. mol 


101. The angle of polition, is an angle which a great circle, paſſing 
ws the 


over two places, makes with the meridian of one of them ; and 
angular poſition of one place from the other. „ 
PROBLEM. 3 
Given the latitudes and longitudes of two places on the Earth: Required 
their neareſt diſtance on the ſurface, together with the angles of poſition from 
ether place to the ather. 3 5 . e | 
This Problem may be branched into fix Caſes. = 
102. Cask I. When the two places lie under the ſame meridian. 
SOLUTION. Their difference of latitude will give their diſtance ; and 


polition of one from the other will be directly north or ſouth. = __ 
| 103. Cass 


ſhorteſt diſtance between thoſe two places, except when they both lie 


: 
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and the angle of poſition is a right angle, or the courſe from one to the 


Fitude 7623 N. 


places, ſuppoſe of the eaſtern one, as St. Mary's; draw the line EO, repre. 


at the diſtance of the co-latitude. 


of thoſe places; the angle PAs is the angle of poſition from A to B; and 
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| 103. CAR II. N ben the two places lie under the equator, 
| SotuTION. Their diſtance is equal to their difference of longitude 


m 


other is due eaſt or weſt. 
104. Cas III. When both places are in the ſame parallel of latitad. 


 ExamPLE. What is the leaſt diſtance between St. Mary's, in latitud 
37 00 N., lengitude 25 o' W., and Cape Henry, in latitude 37 oO, ly, 


GEN ERAI Cons TRUCTION. Plate XIII. Fig. 25. 
xſt. Deſcribe a circle pESd, repreienting the meridian. of one of the 


ſenting the equator, and at right angles to it draw the line ps, for the 
axis of the earth, the extremity of which, p, is the north pole, and s is the 
ſouth pole; and on this circle lay off from p to A the complement of the 
latitude of (St. Mary's) the eaſtern place. | 


2d. On the equator, lay off from Q to c (IV. 70) the difference of 
longitude between the two places (51˙ 23); and through p, c, s, 
(II. 72) deſcribe the circle p c s, which will be the meridian of the other 
place (Cape Henry) z on which lay from p to B the co-latitude of this 
place; which is done by deſcribing the arc A @ about the pole r (IV. 68) 


3d. Through the points A, B, D, deſcribe a great circle ABD. ( IL 72) 

Then A repreſents one place (St. Mary's), B the other (Cape Henry); 
PA and PB are their co-latitudes; the angle AB, which is meaſured by 
the arc Qc (IV. 9), is the diff. long.; the arc as is the neareſt diſtance 
the angle PBA is the angle of poſition from B; to A. 


The are a may be meaſured as directed in Art. 70. Book IV. 


And'the angle PAB, or BA, as ſhewn in Art. 72. Book IV. 


Now the places having the ſame latitude, ya is equal to ys, and 
£PAB=Z4 PBA (IV. * Therefore, if the arc Pi be deſcribed (IV. 75) 


making the angle AP1=25* 417 the half of the difference of longitude 3 


PI will be perpendicular to An, and biſect it. 
| And in the triangle a1p, right-angled at 1, there will be given the by: 


pothenuſe Ap 53 00/; the £ API=25”* 417”: to find the leg a1i=half 


the diſtance ſought, and the CAI the angle of poſition. 


The ſolution falls under Art. 130, 132. Book IV. = 


2 
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To find the dance. 4 
As radius, * Or, As rad. | — go? oo” 10 | | 
To fin. hyp. Paz | To co-ſ. lat. = 37 00 . 
So fin. giv. CATI, So fin. & diff. long. = 25 415 963702 
| | | 
To ** Al. | To fin. + diſtance = 20 153 9.53937 
| 


Which doubled, gives 40 31forthediſt.an. 
And this 405 310 reduced to nautical miles, is 2431, which is 31 miles leſs 


than 2462, the diſtance given by parallel ſailing. See Art. 42 of * 
To find the angle of poſition. 
As radius, | Or, As rad. — go? oo | 10,000000 


To co-ſ.hypoth. Aa; To fin. lat. * 


x == 37 00 9.77940 
So tang. giv. AAPL, | So tang. 4 diff. long. 


25 414 9.68222 


wil 


To co-t. L A. | To cot. C poſir. = 73 51 9.4568 


It appears by this, that to ſail ſrom A to B, or from B to A, the ſhip - 
muſt firſt ſteer N. 73* 51 / W. or E.; and then gradually increaſe — 
courſe till ſhe comes to 1, where it will be due W. or E.; and from thence 
the courſe is to be gradually diminiſhed again tilt ſhe comes to the other 

port, where it will be 73* 5, the ſame as ſhe ſet out with: But how 
theſe courſes are to be thus altered will be ſhewn hereafter. 


105. Cas IV. When one place bas latitude, and the other bas 
none, or is under the equator. | 


EXAMPLE. What is the neareſt diſtance between the Iand of St. Thomas 
in lat. o 00', and long. 1 00' E., and Port St. Fulian, in lat. 48517 §. 
and longitude 655 100 1 


Port St. Julian, in lat. 485178. 1 65 10 W. 
Il. St. Thomgys, 1 in lat. o eO Long. 1 co E. 
Jalian s co-lat. 41 09 Diff. long. 66 10 


By ConsTRUCTION. Plate XIII. Fig. 26. 


Let the point A be St. Thomas under tho equator, the poles of which 
ae P and s. 


Make ac, the meaſure of the angle ASC, equal to 66% I0'=diff, hag; 
IV. 

Then as Port St. Julian is in ſouth lat., about s the ſouth ad at 2 
diſtance of Julian's co-lat., deſcribe the arc aa, cutting ser, the meri- 
| Gian of Julian, in B. (IV. 65.) 

Through the points A, B, p, a great circle being deſcribed the arc AB 
is the diſtance ſought. N 

The diſtance AB may be meaſured by Art. 70. Book IV. 

c 
Art. 72. Book IV. | 


For the complement of @ complement is the arc itſelf: Thus 4, or the 
a fhews the lat. But 2 
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! 
1 

| 

5 

2 
|; 
3 
1 
1 


. 
N 
1 
9 
-f 
* 
_ [ 
"40 
U 
> 


194 GLOBULAR SAILING. Book vin. 


* To ſind the diſtance aB. TE 
As rains, Or, As radius = go? © 10, ooo 
To co-f. either leg; | To co-ſ. diff. long. ac = 66 10 9,60646 
So co-ſ\. other leg. So co-f, diff. lat. cB = 48 51 _ * 81823 
ro c To ce. dl. » =7435 942m 


| wards the weſt, ſo as to arrive at Port St. Julian on a courſe 8. 71* 300 W. 


8 
\ 


* 
I * 
% 


ComPUuTATION. In the quadrantal triangle ASB, there i is 
Given the co- lat. of St. Thomas, or As =90* oo The reft are found 
the co-lat. of Julian, $B=4I Og 125 in Art. 162, Book 
the diff. longitude, - L asB=66 10 JIV. | 
Or, in the ſupplemental triangle Ac, right-angled at c, there | is 
Given the lat. of St. Julian's, or the leg cB=48* 51, 
the diff. longitude, or the leg ca=66 10. 
| The ſolution falls under Article 140. Book IV. 


So that the diſt. ap=74* 35 is 4475 miles; which is leſs ” 57 miles 
than the diſtance found by Mercator's failing. 


To find the angle of poſition at A. (IV. 1 139- 3 


As radius, [Or, As radius = 9c ro, ooooo 
To fin. leg ac; | To fin. diff. long. AC 66 10 9.95129 
So co-t. leg c, So co-t, diff. * 0 = 48 51 9,94140 
ro co- t. op. & "Oy | To co-t. 4 pakit. n 9-9027s 
3 SD To find the angle of poſition at B. i 

As radius, Or, As radius | = 90? od 10,00c00 
To fin. leg 8; | To fin. diff. lat. CB = 48 51 9,87679 
So co-t. leg ac, |f So co-t. diff. long. ac = 66 10 9,04 


To co-t. * LB. | To co-t. 4 poſit. at B = 71 36 22296 
So chat a fhip failing from the Iſland of St. Thomas muſt firſt ſhape 
her courſe S.-51* 22 W.; and then by conſtantly altering her courſe to- 


ſhe will have failed the ſhortęſt diſtance between thoſe places. 


106. Casz V. When the latitudes of the given places are buth 
north, or both ſouth. 


rn What is the neareſt diſtance between the Lizard and the 
and of Bermudas; and alſo the angles of poſition at each place ? 


The lizard in lat. 49 57' N. and long. 5 21 W. 
III. Bermudas in lat. 32 35 N. and long. 63 32 W. 


— — 


9 


By rr Plate Ill. Fig. 27. 


Make A577 25 „the co-lat. of Bermudas; pa- 40 037 the co - lat. 


of the Lizard; a (LV, 68) with the tang, of ro deſcribe ri 


„ 
2 
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Baok : VIII. 


Wir the ſeeang of 58* 17 the diff long. MIV. 76), deſcribe ares from 
p and 5, which give the center of the circle pcs, the meridian of the Li- 
zar; its interſechon with a a gives B the place of the Lizard. - 


Deſcribe a great circle 515 A, B, D, (II. 72), and the intercepted 
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arc AB 1 diſtance fought ; 3 
eq ui 
a T he ditance AB may be meaſured by (IV. 70); and the poſitions by 

V. 
0 1 « Bi Nh e th 2 been put on the primĩtive circle, the 
great citete AB Would have been difficult to deſcribe; and therefore the 
weltern place was put on the primitive circle, it being a matter of indif- 
ference which of the places is ſo taken. 

Coururariox. In the oblique ſpheric triangle APB. 

Given Bermudas's co-lat., PAR 57 25 
mY nar S\CO-lat., PB=40 03 aan the reſt. 

* iff. longitude LAr B= 58 11 
The lation i fal s under Art. 151. Book IV. 


the angles PAB, PBA, are the poſitions 


Ws To find the diſtance AB. 
hs ids ate 05 As radius = go® o 10, ooooo 
To co-f. giv. . To ch f. diff. long. Z. Ar E= 58 11 9, 72193 
So tang. cith, Ade. Hy 800 bang. Berm. co- lat. Fa= 57 23 10,19442 
To tang. . | + ; To tag. fourth 1 39 31 9099640 
| : | Which take from Lizard' + e0-lat, = 49-03 | 
| Leaves a fifih arc DS Os, = 0 32=N. 
As co-[. u, As co-l. tk on: = 02 - azo 
To co-ſ. N; To co-ſ. fifth are 5 0 3 '9,99998 
So co-f. fide 1 aſd, * Bermudas lat. == 32 36 - © _ @73i8 
To eo-l. Ls TR | X's co-1. diſtance an ; = 45 44 9.84389 


"To fd the kings heit yaa. (IV, 180. 
As this WE is oppoſite to the ſide uſed in the firſt proportion, therefore 
2 fourth and fifth arcs here uſed, are the fame as above. 


_ > * | As fin. fifth arc = gz 2,03113 
To fin. M; | To fin. fourth arc = = 39 31 9.80306 
So tang, given , ö tang. diff. long. 4 avs = 38 11  10,20731 

[| —— 
we req. . {To tang, L poſit. PTY 22 


3 find the angle of poſition PAB. Ty 
The other parts being f | 

g found, this angle may be found by the oportion 

betwieer oppyſite ſides and "ap | Thus: 2 F — 


S — 1 2 925925 
PBA; o ſin, C. poſ. at 2 89 9222 

80 fin. ur, So ſin. Lizard's.co-lat. = 40 3 9.80852 

To fin, 1 | 

4 PAR, To ſin. E poſ. at Bermudas 49 47 9.88287 


R 2 


tained, 
Read of Bermudas's, the ſame diſtance would have been found. 


| Mercator's failing. 


the Iſland of Bermudas ; and alſo the angles of poſition at each place? 


IV. 68) with the tangent of ag 57 25 the co-lat. of Bermudas. 


terſection B with aa, is the place of Bermudas. 


To tang. . 


Toco-ſ. as. 
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Or, working by Art. 150. Book IV. the ſame angles would be ob. 
Had the two firft proportions been worked with the "FIRE" latitude * 


So the ſhorteſt diſtance between the Lizard and Bermudas is 45 44 
er 2744 ſea miles; which is 56 miles leſs than the — found ij 


And a ſhip to run this ſhorteſt tract muſt fail from the Lizard 8. 
89* 29/ W., and gradually leſſen the courſe, ſo as to arrive at — 
on the rhumb bearing 8. 49* 47 W.: whereas the direct courſe from one 
place to the other, as found by wears hllng, is $ 68 og W. 


107. Ca VI. When one of the given places has north latitude, 
and the other bas fo ſouth latitude. 


ExamPLE. What is the neareſt diftance from the and of St. Helena u 


Iſland of Bermudas in lat. 32* 35” N. and long. 63 32 W. 
Iſland of St. Helena in fat. 15 55 8. long. 5 2 


1 Dir long. 


57 43 
By ConsTaucrtion. Pl. XIII. Fig 28. 
Make Q4=15* 5, the lat. of St. Helena; deſcribe the arc aa about: 


Arcs deſcribed from Þ, s, with the ſecant of 57 43), the diff. long., will 
give the centre of the circle Pcs, the meridian of Bermudas; and its in- 


Deſcribe a great circle through a, s, D; the intercepted arc AB is the 
diſtance ſought, which may be meaſured by IV. 70; and the angles Pan, 
As, are the poſitions required, which are to be meaſured as directed in 
Art. 72. Book IV. 


CoMPUTATION. In the oblique ſpheric triangle Akr. 
Given ya=105* 55/, St. Helena's lat., added to.g0* z or its N. pol. dift. 
_ PB= 57 25, Bermudas's co-lat. 
Ars 5 & „their difference of longitude. 
Ta find the ſolution falls under Art. 150, 151. Book IV. 


1c, oo 


2 


To co-ſ. AT 
do tang. PB, 


8 M,. 
To co- . ; 
 Soco-ſ.es, 
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To find the, angle of poſition v ab. 
Tue fourth and fifth ares being found as before. 
As fin. u, Or, As ſin. fifth are = 66*02 0,03916 
To fin. M5 | _ To fin. fourth | = 39 53 9,80701 
So tang · LPs So tang. diff. long. = 57 43 10,19944 


To tang ZA. 


— — 


b 
| „ 
| To tang. Z.pofition yas = 48 00 10,04561 


To find the angle of poſition ane. : 
ah, | ReWk =7s ry 
80 fin. PAs — So ſin. St. Helena's N. P. diſt. 105 55 998302 
To ſin. Ans. 8 | To fin. 4. poſition afe = 580 on" 9.92850 


But becauſe the 2 difference of latitude is leſs than go?, and the ſide 
ya greater, the angle An muſt ye than 90* ; and is, therefore, 


121* 59/, which is the ſupplement ? or”, 


So that were a ſhip to fail from St. Helena to Bermudas on the are of 
2 great circle, ſhe muſt firſt ſhape her courſe N. 48* O W., and gra- 
dually alter it from the north towards the welt, fo as to arrive at Bermu- 
das on a courſe N. 58* n W., after having run 7 26/, or 4406 ſea 
miles. | : 5 PE 


The courſe found by Mercator's failing is N. 485 4 W. and the diſ- 
tance is 4414 miles. e 


By this it appears, that when the places are one in N. latitude, and the 
other in S. latitude, and neither of them far from the equator, there is 
but a ſmall difference between the reſults found by Mercator's and great 
circle failing : for near the equator the rhumb lines do not differ greatly 
From the ſolution of the foregoing caſes it is plain, that to fail on the 
arc of a great circle, the ſhip muſt continually alter her courſe. But as 
this is a difficulty too great to be admitted into the practice of Naviga- 
ton, it has been thought ſufficiently exact to effect this buſineſs by a2 
kind of approximation; that is, by a method which nearly approaches to 
ailing on a great circle. Me PS | 
108. The principle upon which this approximation is founded, is that 
mn ſmall arcs, the difference between the arc and its chard, or tangent, is ſd 
[malh, that they may be taken one far the ather in any nautical operations. 


R 3 Upon 


2 


_ — MEL A - \ ry > 5 "mend * A ———_— * Mo : * 
> —B ˙ H —————— —2 — ͥ > 
: . - % of 7 7 S 2 


line. 


degrees of difference of longitude ; the length of an arc of five degrecs 
_ differing trom its chord or tangent, only. by 0,0002 ; as may be found 


ory 
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Upon this principle, the great circles on the earth are ſuppoſed to he 
made up of ſhort right lines, each of which is. a ſegment of a thumb 


And on this ſuppoſition the ſolution to the following Problem i; 


PROBLEM. II. . 


109. Having given the latitudes. and longitudes of the places failed ſi un 
and bound to, to find the ſucceſſive latitudes on the arc of a great circle'in ti 
places where the alteration in longitude ſhall be a given quantity; tegethe; 


_ with the cqurſes and diſtances between thoſe places. 


SOLUTION. 


I. Find the angle of poſition at each place, and their diſtance by one d 
the preceding fix caſes. | a 


II. Find the greateſt latitude the great circle runs through; that is, 
find the perpendicular from the pole to that circle; and alſo find 
the ſeveral angles at the pole, made by the given alterations of 
longitude between this perpendicular and the fuccellive meridians 


** 4 


— With this perpendicular, and the polar angles, feverafly, find as 
many correſponding latitudes, by faying (IV. 148): 
As rad. : tang. greateſt lat. : : coſ. 1ſt. polar 4. : tang, 1 fl. lat 


: col. ad. polar C.: rang, 2d. lat. 
Oc. ä T7 


3 5 | 4 . . a wks 9M 29s 
IV. Having the ſeveral latitudes paſſed through, and the difference et 
longitude between each, find, by Mercator's ſailing (57), the 
courſes and diſtances between theſe latitud.s, and theſe are tlic 
ſeveral courſes and diſtances the ſhip muſt run to keep nearly 


on the arc of a great circle. 


- | | 5 2 Wd „„ . l 5 t wy by | 
The ſmaller the alterations in tngitude are taken, the nearer will, this 
method approach the truth; but ict is ſufficient to compute to every hve 


from the Articles 25, 31, 33. Book III. 


110. QuesTion I. A ſbip being bound from' a place in lat. 37 Oo N. 
long. 22* 50 N., to a place in the ſame lat., and in lung. 36% 281. it 18 
propoſed ſhe fheli jail as near the are of a great circle as ſbe can, by altering 
her courſe at every ue degrees die rence gſi lag itude; regitived: the latitude 
at each time of « tering ihe 60u7 y an, ate i tourſes, ard diff | between 


theſe ſeveral atitudes. | l 
* 3 Lab 
923 
* 


hs 
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Lat. of the place failed from is 37* oa' N. the long. 227 56 W. 
Lat. of the place bound to is 37 00 N. the long. 76 23 W. 


The figure being deſcribed, and the computation made as in Art. 104. 
the diſtance BA is found to be 42. 00, and the CA or £B=7P oꝙ, the 
angle of poſition. Plate XIII. Fig. 29. Sh . 
Nou the triangle Arn, being iſoſceles, the perpendicular pr falls in the 
middle of AB; and the latitudes, courſes, and diſtances, being known in 
running the half BI, thoſe in the half 1a will alfo be known. . _ 

Let the points a, 6, c, d, &c. be the places arrived at on each altera- 
tion of five degrees of longitude : then will the arcs Pa, Pb, Pc, Pd, &c. 
be the reſpective co-latitudes of thoſe places, and are the hypothenuſes of 
the right-angled ſpheric triangles P1a, P16, Pic, Pld, 8c, 
| | | As rad. = go® o 10,00000 

To fin. rn = 53 © 990235 
==. a; * ſin. 3 = 73 9 9.98004 
nn == 7%. OJ RR | ; 

To find PI. > [To fin. rx = 49 51 938325 


In the triangle y18. 
Given vB = 


| ö 


7 
9 


Now IB ) 26* 43 Zea 4375 Kb =16 437%; 


lc l 15 435⁰; £1ed=6* 43, are the ſeveral polar angles. 


21* 434/16 437] 11434/64317 

Then rad. „ 10,00000| 10,0000] 10, ooo 10.00 
To co-t. 21 = 49 $1 9.926120 9,92612| 9.92012] 9,92612 
30 co- . polar angle | 9,96800| 9,98123} 9.99084 9:99700 
To tangy, lat. 98944] 9.90738 9˙91696 9.92312 
Which are 38 of, 38» 56 39 33 | 39 57 


The degrees and min. ſet over each column, are the polar angles uſed 
in that proportion, and the correſponding latitudes ſtand at the bottom. 
111. The firſt term of theſe proportions being radius, and the ſecond 
term conſtant, the operations may be very expeditiouſly performed thus: 
On a flip of paper let the log. of the ſecond or conſtant term be writ. 
ten of the ſame ſize with the printed figures; apply this log. cot. fuccef- 
lively to the log. co-ſines of the polar angles: Then the fum of the two 
logs. being written down each time, will give the log, tangents of the 
ſeveral latitudes arrived at. | 1 2 
By this method, each proportion will be worked by writing down only 
one line. y | 
Hence it appears, the ſhip muſt firſt fail from the lat. 37 / N. to lat. 
1 05/N. ; thence to lat. 38 56 N.; thence to lat. 39* 33 N.; thence to 
t. 39 5 N.; thence to lat. 40% ogf N., which is the greateſt latitude 
ſhe muſt go to; and from thence ſhe muſt proceed through the latitudes 
30 5% 30 33), 38* 56', 38 05), and fo to 37 00, the parallel ſhe ſet 
out from, and in which 6 


Now 


* 
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Now between theſe ſeveral latitudes, with' the reſpective difference; 
of longitude, find, by Mercator's failing, Art. 57, the courſes and gir. 
tances, 


If the reſults of the ſeveral operations, in the queſtions of great circle 


failing, be entered in ſuch a table as the following, it will be found of 

ſome convenience to the operator. | | 

[Sc] Di DM Me 88 
Polar angles. longs. | lata. long. lat. | parts. | d. lat, Cour. | Dit. 


Ir 26* 432 |22* 56 37 o 2392, 6 1 3 
[Ira 21 43x [27 56 38 og 300 | 65 2476 82,0 7443] 246,6 
ire 16 431 [32 56 [38 56 300 | 5r 2539,80 65,2 | 77,44] 2400 
Lire 11 432 [37 36 39 33 300 | 37 _ 47,3 80,57 235.2 
ird 6 431 |42 56 39 57 300 | 24 25618, 31,2 84,04] 232,2 
| 8 149 392/40 09 14035 j 12 [2634.5 15,7 [87,40] 3079 
| I 3 . \ et FR | 1] FEY. = | 1 |  fr26rg 
In the firft column are the angles at the pole contained between the 
perpendicular and the ſeveral meridians differing by 5® of longitude. 
In the ſecond column, the departed longitude 22 56/ being increaſed 
þy the differences of longitude, make the ſucceflive longitudes come to. 
In the third column are the ſucceſſive latitudes paſſed through in ſail- 
ing fiom the place ſet out from to the greateſt latitude. 
In the fourth and fifth columns are the differences between the longi- 
| tudes and latitudes in the ſecond and third columns. 
In the ſixth column are the meridional parts to the ſucceſſive latitudes; 
and in the ſeventh column are the meridional diff. of latitudes. 
The eighth and ninth columns contain the courſes and diſtances be- 
' tween the places anſwering to the ſecand and third columns. 
The numbers in the third, eighth, and ninth columns, are found by 
working the logarithmic proportions on a waſte paper ; but the work is 
here omitted, as it is fo eafily ſupplied, 
| Now the column of diſtances being ſummed up amounts to 1261,9; 
which being doubled gives 2523, 8 miles for the diſtance between the two 


places. 


And the courſes the ſhip muſt ſteer are, 1ſt. N. 24 43/ W.; 2d. N. 

77* 4 W.; 3d. N. 80 57 W.; th. N. 84 og W.;; 5th. N. 37 
40 W.; 6th. S. 8740 Ww. ; 7th. S. 84% o W.; 8th. S. So 5% W.; 
geh. 8. 77* 44 W. 3 10th. S. 74* 47 W.: and on theſe courſes ſhe muſt 
zun the reſpective diſtances ſtanding againſt them. | 


112. QuesT7Jon II. It i opoſed that a ſhip bound om the Lizard to 
a place in lat. 32 25 N. 4 long. 6645 2 hall ſail on @ great circlt, 
and alter her courſe at every five degrees of longitude ; required the latitudes 
through which the ſhip is to paſs, and alſo the courſe and diſtance between each. 

The Lizard's lat, is N. Long. 5*21 W.} ,. 3 

Lat. place bound 3 N. Long. 65 45 w.] Dit: long. 619 2. 
Havihg deſcribed the figure, Plate XIII. Fig. 36, and found the Z. An 
=49* 37, the APBAS87* 15 and the fide 4547 54% as in Art. 106. 
| 5 | Draw 
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Draw pi at right angles to ARD. * | (IV. 73) | 
th equator, lay off from the center the tangents of 5, 10, 15, 20, . 
Ge. to 55 degrees; and thoſe points give the centers to the ares of co- af 
Jat. to every 5 diff. longitude. 15 (IV. 75) bi. 

| To find the perpend. pl. ] To find the polar angle Ap1. 
As rad. 8 90 o 10,0000 | As rad. = 99 00” 10,00000 
To fin. FA == 57 35 992643 To tang. Za = 49 35 10,06978 
80 fin, a 49 35 988158 |S0 col. av, = 32 25 972922 


— 
* 


To fin. PI = 40 oo 9,80801 *" cot. ATI = 57 48 9,79900 


— 


— 


Now the polar angle Al, or the diff, long. between the perpend. pr 
and the meridian of the place bound to, 57 48%, being taken 61 
24/, the whole diff. long. le ves 3? 36” for the diff. long. between the 
Lizard and the point 1. Alſo 5 the propoſed alteration of longitude, 
being ſubtracted as often as can be from 57 48/, leaves the —. polar 
angles; with which, and the perpendicular pi the ſeveral latitudes arrived 
at are found by Art. 111. 

Then having thoſe latitudes, and the differences of longitude between 
them, find the 1 courſes and diſtances by Art. 57. 

Let the ſeveral reſults be placed as in the follow; table; the loga - 
rithmic work being performed on a waſte paper is here omitted. 

Alſo, ſuppoſe the ſmall letters in the figure ſupplied. 


ee pom gry = Dit. | Merig.; Merid:J,o T 
| Polar angles. longs. | lats. |lorig. lats. | parts. d. lat. Courſes — 
1 8 es a N — 1 1 l | 1 
5* 14/9 57 43459, ,\9g0 41 1378 
Cirs 3* 36 8 5060 oo 3475 Pligg + E 
Ms 2 4811 38149 58 r 
| . | 52 
Zire 14 28% 28/49 17 399] 288, 35% 06] 84 
Lred 17 486 3848 37 e 
re 24 48/31 38/47 12 30) 39132847 0% col 2% * 
t | 7 
—_— 27 2 3 46 5 | 8930004 126,267 10 226,8 . 
en Baz 10612239" | 147,8163 46 239,8 
pan: — fs 55 38 45 x 4 122 2714.9 171,560 15 255.9] 
Lirk 47 4836 38138 41 14923205 1944/57 03] 273.9] 
20 2 % „ to] 300 17553509 e 42 a9ha 
| [66 3832 25 ese ”" 
| | | 
| 5 8 — 


Now the ſum of the ſeveral diſtances make 2871, 8 miles. 
But the diſtance in the arc of a great circle is 2874 miles. 
| The difference of the two methods is therefore 2,2 miles. 
In this example it was judged neceſſary to keep the fractional place in 
the meridional parts, in order to have the diſtances more accurate. 
113. QuesTion III. A Hip being bound a place in lat. 16* oof S. 
long. NW © ode by 32* 25' N. long. 66* 38' W. it is pro- - 
Ped ſhe Mall ſail near the arc of a great circle paſſmg through thoſe — 


* 


5 
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and alter her courſe at every 5* of longitade : required the latitudes whey, 
thafe toto ſes are to be altered, and alſo the courſe and diſtance between 9, 
place of alteration. © os eee 
Lat. of place ſailed from 16* oc” S. Long. 6% 5 W. ) N: g- : 
Lat. of thee bound to 32 25 N. Lang 65 33 w. | Diff. long==60? 23. 
Having deſcribed the figure, Plate XIII. Fig. 31. and found the C pr, 
2120150“; LRA RA 20'; and the diſtance AB=75* 19“; as in 
Art. 107. © * 


In the equator QF, lay off from F the tangents of 5* 10 5, Ec. to 557, 
and thoſe points will give the centers to the meridians paſſing through 
every five deg. of long. between the two places. EY 

To find the perpendicular. | To find the polar C. Apl. 
As r = 90 oo 10,00000| As rad. = 90 o 10. oooco 
To ſin. 1 = $7. 33 992673 To co-ſ. nr = 57 35 9572922 
So fin. 4 PB1 = 59 45 993643 80 lang. £7BL = 59 45 1023415 


To fn. PI = 46. 49 a 9.86286 


— — — — 


To cot. 471 = 47 25 5631 


Now the ſeveral polar angles, Jongitudes, latitudes, diff. of longs., 
diff. of lats., mer. parts, mer. diff. of lats,, courſes and diſtances, being 


computed on a waſte paper, their reſults are to be entered in a table as 
follows : | | OM OO N 


> 0 5 : 


i 


— 


Polar angles. [ion oy 


6 15 16%09'S ie . : 
£1el 0241 1512 45 30285 723 264 1 39 385 


ir 97 43116 15 | 
1P4 92 48 21 15 2 38 = 279] 
teh = 37 48/26 15 


| 1858 204 55 47 | 3201; 
66 5 25 | 329 "79 205g) 209 $8 14 | 3246 
11 2 b * | | * . 445193! 
114. The track of a ſſip when dicefted nearly in the arc of a great cir- 
cle, as in the preceding articles, may be delineated on the .Mercator's 
chart, by marking on it, by the help of the latitudes and longitudes, tte 
| ſucceſſive places where the ſhip is to alter her courſe ; then thoſe places 
or points being joined by right lines will ſhew the path, along which the. 
= ſhip is to fail under the propoſed circumſtances. | \ + + 
Thus in Plate XII. the route propoſed in queſtion IE. Art. 1 1c, i 
drawn from the Lizard to Bermudas, the ſituations of thaſe two places, 
as they are laid down in that chart, being thaſe propoſed in this example. 
And notwithſtanding this track on the chart appears much longer than 
the rhumb paſſing through thoſe two places, yet it muſt be remembered, 
that theſe rhumb lines are only the repreſentations of curves on the ſphere, 
te abſolute lengths of which are not hereby expreſſed. 
| 6 | „1 
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SECTION vil. 


0) FS errors ariſng in the caſes of Sailing, 


1 the Sapp 'rion. [that the * is not a 


Sphere. aq 


1. The rentdoſng * eoalcliſicns' in the preceding Sections of this 
Zook; nave been delivered in the opinion that the Earth is a ſphere ;*but 
it has appeared from many obſervations made ſince the Year 1672, 
that its figure is not that of a perfect ſphere ; its axis, or polar diameter, | 
being-ſhorter than the equatoril diameter. | 

This notion firſt aroſe from obſervation' made on pendulum clocks ; 
which being -fifted to beat ſeconds in the latitudes of Paris and London, 
were found to move flower as they approached the equator; and the pen- 
dulums were obliged to be ſhortehed about” ; parts of an inch, to agree 
with ther times of the ſtars pafling the meridian (V. 264). This diffe- 
rence in the lengths of the pendulum appearing to thof- great men, Huy- 

gens and Neuro, to de a much ter quantity than could ariſe from 

tie alteration by Heat only, they, — kiſcoyered that ine Earth was 
flatted at the” p6les *; od Sir Iſaac Newton has (hewn in his Principles 
of Natural Philoſophy, that this flatneſs is about 17 75 miles, and that the 
ow N 15 to 5 2 diameter, © as 120 is to 2 * 


744 


* 


3 12 — 9 — 


— 
— 


O To give the learner a notion how this cite was EY it has been 
thought I Nen to add what follows, collected * fon Newton's Princip. 
2 2 III. Prop. 18, 19, r | 

CenTRIPETAL ForCE is, like Gravitation, that” power by which heavy 


bodies ten towards a. center. 
C:nTxreucal Force is that by which bodies recede from a center; in 
the manner that the particles of water and thrumbs fly from a whirled mop. 
The ſwifter the map is whirled, the greater is the centrifugal force, and 
the particles fly off with greater velocity, 
©" The dinrnal rotation of the Earth gtves to all its parts — force, 
by which the parts receding from! axis endeavour to aſeend about the 
aba tor if it was not higher there, the ſeas, from the centrifugal force, 
5 pi tp the poles and rifing towards the equatar, would lay all things | 
ere under water. | 
Bodies gcted on at the, ſaws. time by a centripetal and a centrifugal foros, 
ve their power "of gravitation Le 
1 falling body moves ſwifter as it ipproaches the Earth. 1 . 
33 bodies move ſwifter as their gravity increaſes; and the COg- 
by. 1 


A phetämet at the end of a ſtring, or a pendulum, when made to N 
returns · fo·ĩta be peint by its weight or 
And the ſlower the vibration of the — is, the lefs its ; 
Conſequently, the be Gong pendulum vibrating flower than, would ariſe from 
* hear, fhews à decreaſe of gravity in that pendulum; and 
ay this 2 {gravity became gradually greater in approachin dr v. gy 


ve pot. r 
a MY f 116. But, 


as. 
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116. But, notwithſtanding the ſcientific deductions of this moſt acey, 
| | rate mathematician, many of 'the philoſophers in France embraceg 
| ſtrange notion of the Earth's being of an oblong figure, the polar diane. 
ter being the longer. And as theſe different notions were ſuppoſed 9 
retard the general progreſs of ſcience in France, their KING reſolved that 
the affair ſhould be determined by actual menſuration at his own expence 
Accordingly, about the year 1735, two companies of the moſt able ma. 
thematicians of that nation were appointed; the one to meaſure a degree 
of a meridian as near the equator as they could ; and the other company 
to perform a like operation as near the north pole as could be conven; 
ently attempted. . | ; a. | 
117. For, the Earth being ſuppoſed a ſpheroid, and conſequently every 
= - meridian an ellipſis, it was known, as a mathematical problem, that the 
= reſpective meaſures of a degree of a meridian in each of two known dif. 
14 tant latitudes being had, the relation of the diameters could be | 
=_ and, that if the meaſured lengths of thoſe degrees increaſed towards 
pole, the figure would be that of an oblate ſpheroid, ſuch as 
affigned ; otherwiſe, its figure would be an oblong ſpheroid, ſuch as was 
inſiſted on by Caſſini. Now the length of a degree of the meridian be. 
tween Paris and Amiens, or waich had its middle point in latitude 49 
22“ N, was underſtood to be 57060 toiſes; * having been meaſured by 
Picart, in 1670, and being re-examined by Caſſini in 1701. And this 
length was to be compared with the length of a degree meaſured at the 
polar circle and the equator. | os 4 
118, The gentlemen appointed for the northern expedition were 
Meſſieurs Maupertuis, Clairaut, Camus, le Monnier, and Outhier of 
France; who were joined by M. Cz/ſus, an eminent aſtronomer in Swe- 
den. The company proceeded to Swediſh Lapland, and began their 
operations in July 1736, which they finiſhed in the following May; and 
among many other curious and uſeful particulars they obtained the mea- 
fure of a degree, the middle point of which was in the latitude of 66* 20/ 
N., and found it to be 574359 toĩſes, When reduced to the level of the 
ſea; and diſcovered that the Earth is flatted at the Poles, the proportion 
of the equatorial diameter to the polar diameter being as 1 to 0,9891. 
119. The other company of gentlemen, who were ordered to the 
fouth, conſiſted of Meſſieurs Godin, Beuguer, and la Condamine, of France; 
to whom were joined Don Forge Juan, and Don Antoine de Ullca, of 
Spain. Theſe mathematicians departed from Europe about the middle 
of the year 1735, and began their operations, in the province of Quito in 
Peru, about October, 1736, and finiſhed them in eight Years, after many 
interruptions. Among the valuable rs of knowl reſulting from 
their obſervations, it appears that the Earth is flatted at the pales, | 
120. The Spaniſh gentlemen, who publiſhed their account ſeparately, 
aſſign 56767,8 toiſes for the meaſure of a degree of the meridian at the 
equator, and 266 to 265; or 1 to 0,99624, for the ratio of the equatorial 
to the polar diameters. of the earth, 1 7 
2 —d .b— — SH wh 1 | — 


— — 
- 


A meaſure containing 6 French feet, or 6 feet 4.7; inches Engliſh, near- 
ly: the French foot being to the Engliſh foot as 1,068 10 12. | 
| 2 | M. Bou- 


43. 
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I Bouguer gives for the meaſured length of a degree of the meridian 
on — 3 toiſes, when reduced to the level of the fea, and 


makes the diameter of the equator to that at the poles, as 179 to 178; or 
NI. Ie fa Condamine gives for the meaſure of a degree under the equa- 
tor, a length of 56749 toiſes. 518 RE 

M. De la Caille, being at the Cape of Good Hope in. 1752, found" 
the length of a degree of the meridian latitude 33 187” S. to be 57037 

iſes. | | | 2 | x _ | 
= 1755, Father Boſcowich found the length of a degree in latitude 
437 N. to be 56972 toiſes, as meaſured between Rome and Rimini in 
Italy. In the year 1740, Mefficurs Caſſini, the younger, and De la Caille 
again examined the former meaſures in France ; and, after making all the 
neceſſary corre&ions, they found the meaſure of a degree, the middle of 
which is in 49* 22/ N., to be 57074 toiſes ; and the length of a degree of 
the meridian in latitude 45 to be 57050 toiſes. 

121. M de Maupertuis has added to his narrative of the obſervations 
made by himſelf and his aſſociates in the north, a method of computing 

the proportion between the polar and. equatorial diameters, from the 
meaſurements taken in any two different latitudes ; but he ſolves the pro- 
tlem by an approximation only. Among the curious problems commu- 
nicated by Mr. Janes to Mr. Gardiner, and publiſhed by him in his quarts 
edition of logarithmic tables, there is the reſult of a true ſolution of this 
problem, but without either analyſis or demonſtration. While I was in- 
tent on an inveſtigation of the ſolution, Dr. Pemberton was pleaſed to put 
into my hands a very elegant one of it by his friend Dr. Letherland, with 
leave to communicate it to the public; and I ſhall accompany it with 
ſuch other problems, as are requiſite for applying this ſolution to the 
purpoſes of navigation, the whole compoling the ſeries of problems fol- 
122, PROBLEM I. 

Suppofing the Earth to be a ſpheroid, having its axis leſs than the egua- 
torial diameter, to find the proportion between the axis and that diameter from 

meaſures of @ degree of the meridian taken in two different latitudes. 


0 


ANALYSIS. 

Let apap be an ellipſis repreſenting a ſection of the Earth through its 
axis Pp; the equatorial diameter, or the greater axis of the ellipſis, be- 
ing aA; let F and F be two places, where the meaſure of a degree hay 3 
deen tacen: theſe meaſures are proportional to the radii of curvature -. 
in the ellipfis at thoſe places; and if c, cx are conjugates to the dia- 
meter the vertices of which are = and r, cq will be to ER in che : | 
fubtriplicate ratio of the radius of curvature in E to the radius of curya- of 
ture in 7*, and therefore in- a given ratio one to the other, Then gy 


11 
* 


— 


* 4 f —_— * 
— — n _— 


— 
— — ——— — —C— ACC * 


e Mine's Cotie Seft. Cor. L Prop. IV. Pan VI. == 


* 
9 
y 


and RZs being drawn pa- 
rallel to i and part > P 2 - 
parallel to aA at the an- COR! 4 


gles QCP, RCP, are the la- 
titudes at E and ; fo 
that theſe angles, and the 
ratio of cd to. R being 
— given, the rectilinear fi- 
gure CVQXRY is given in 
| ſpecies: and the ratio of 
vect—zc(=qx xxw)to 
RZT—qQyt(=RxXxs) is \ +: 
given, which is the patio © + Z, 


of CA to i There. | "ME pp 
fore the ratio of A o cy OT 


" given. 5 


Hence, if the fine and co-fine of the rester latitude be each aur. 


* - 


mented in the ſubtriplicate ratio of the nieaſure. of the Jtgtte in the 
greater latitude to that in the leſſer, then the difference of the ſquares of 
the augmented fine, arid the fine of the leffer latitude, Will” be to the 
difference of the ſquares of the co-ſine of the lefler latitude and the aug- 
mented co-fine, in the duplicate ratio of the equatorial to the polar dia- 
For cg being taken in cq equal to cr, and g drawn parallel to O 
cv and vg, Cz and ZR will be the fines and co- ſines of the reſpective la- 
titudes to the ſame. radius; and cv, vd will be the augmentations of cr 
and Cq in the ratio named. Oe Ro l 


=:  - Sohertiny L 


If one of the degrees meaſured is at the equator, the co-fine of the la- 
titude of the other being augmented in the ſubtriplicate ratio of the de- 
grees, the tangent of the latitude will be to the tangent anſwering to the 
augmented co- ſine in the ratio of the greater axis to the leſſer. 
or ſuppoſing the place out of the equator to be E; if the ſemicircle 
In ap be deſcribed, and /c joined, and ms drawn parallel to ac; co is 
the co- ſine of the latitude. to the radius cp; and c that co-ſine aug - 
mented in the ratio named; v being to v that is, ca to on or CP, as 
the tangent of the angle vc the latitude of the point E, to the tangent 
of the angle YC/, appertaining to the augmented co-fine, 


124. | -:; CorRoLLARY II. 


In jhis caſe, half the Iatus reftum of the greater axis an, being the radius 
of = obo is given in _ =—_ the degree end chere; 
And thence the axes themſelves will be given in magnitude. 5 


133. _: £oR0LLARY II. 


Hence alſo the proportion of the axes being given from any two mea- 
ſure ments, the latus rectum of the greater axis, and the axes themſelves, 
88 Es * 


* % 
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ghich ſhall be to the tangent of either latitude, as the leſſer: axis to the 
oreater, the meaſure of a degree in that latitude, will be to the meaſure of 
a degree at the equator, in the triplicate ratio of the co-fine of this angle 
to the co- ſine of the latitude. | 5 . 3 
Thus E being one of the places meaſured, the tangent of the angle 
yc;, will be to the tangent of xc the latitude of the point E, as v to 
10 that is, as the leſſer axis to the greater; and cq: c:: cr: 
c:: cof. (cv : coſe. Q, & being to ci (er) as the radius of curva- 
: — in E to the radius of curvature in A, that is, as the meaſute of a de- 
ee in E to the meaſure of a degree in A 1 
And thus both the figure and magnitude of the Earth may be deduced 
from any two meaſurements given. 3 EY 


126 r; PROBLEM He 


The Earth being. ſuppoſed a ſpheraid, to find the femi-diameter of a pa- 


rallel to the equator in any given latitude. 


ret PDA be one fourth part of __ «+ 
an elliptical meridian, where ca, #F| IJ 
the greater ſemi- axis, is 3 | 
dius of the Earth's equator 3 and Pf 
let BE be drawn to touch the el- | 
lipſis in D, and make with ca an 
angle CBD equal to the comple- 
ment of the latitude given; then 
is D the place on the Earth hav- 
ing the given latitude ; .and the V 
circular quadrant AF being de- S „ -—->+ N 
ſcribed with the radius Ca, let E be drawn parallel to the leſſer ſemi- 
axis cy of the ellipſis; then BH, ch being joined, I touches the arch 
AF in H, and is perpendicular to cn. —4— 
Now as GD : GH (that is, er: A4) : : tang, 4 GBD : tang. L GBH 
f 1 : co- t. latitude: co-t. 4 Gch. 
Hence the angle cn is given; and radius is to the co-fine of the C cn, 
a8 CH to c. Whence CG is given, which is equal to the ſemidiameter 
of the circle paſſing through v, parallel to the equator. Fr 


a. PROBLEM III. 
The ſpheroidal figure of the Earth being ſuppoſed, to meafure the elliptic 

arch correſponding to any given — * ve 1 / 
M, Cleans, one of the gentlemen engaged in the northern expedition, 

obliged me, when he was-in London, in the year 1753, with the follow- 

ing ſeries for meaſuring an elliptic arch. — 2 ; | 

„ in the preceding figure ac be denoted by a, op by b, and a9— 

- # by @ den, I denoting an arch in a circle the raving of 22 
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« unity, which will meaſure the an oon, the latitude of the * 
« AD will be equal to gle | © point 9 


« 5 =, = 3b bee 15 0 be“ 75 5 5bb a 
c x : fin. 48 Ke. 


« But in regard to the earth, all the powers of c above ce ma be 
« Jedted, and the arch an conſidered as equal , * 


bb 
« to EE, $ -e ln. 28. 
0 Or bb x 4aa+ Zee (gate, tabular fine of twice the lat. 


4 radius 
 Whence if a circle be conſtituted, the radius of which 2 


then in this % e arch which meaſures the latitude, e 1 
Jbbc c ta twice the lat. 35 hb ce 
by * — 0 66 


; as the ſine of twice the latitude to radius. 


CoRoOLLARY. 


When AD becomes the elliptical quadrant Ar, the fine of twice 
the arch — to the angle Gp vaniſhing, Ar will be 
equal to the q e radius of which is 
bb x 4aa+ 3 


To find the meridional parts in the chart of Mercator” 1 er any given 
. 1 the earth being a ſpberoid. 2 


The late Mr. Maclaurin, in his Treatiſe on Fluxions *, IR given this 
rule for reducing the meridional parts of the ſphere to the ſpheroid ; take 
an arch the fine of which is to the fine of the latitude, in the proportion 
of the diſtance of the foci in the 3 ellipſis, to the greater axis; 
and diminiſh the meridional parts in the ſphere by a number, which {ball 


be to the ſpherical meridional parts appertaining to this arch in the ſame 


rtion. 

* in the Earth this arch will be ſo ſmall, that its fine, A itſelf, 
and the ſpherical meridional parts, will not differ ſenſibly be each other: 
whence the number to be deducted from the ſpherical meridional parts 

ing to the latitude ſhall be to the number of minutes contained 
in the line of the latitude in the duplicate ratio of the diſtance of the foci 
to the greater axis. Therefore in the preceding propoſition c being 
. the deen of the meridional pr 


— — — — — — — | ——__—_—_— 


IF" 


" Aa. Se allo Phil Trane; Val. pn 


Or 


= 
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Or in the 8. to Propoſition II, <  3437T ſin, lat. 


| radius. 


A plication of theſe Nei to the ſeveral meaſurements above-mentioned. 


127. For finding the ratio between the two axes of the Earth by Prob. I. 
Let l denote the greater, and F the leſſer of the r 7 a and v. — 


the n _— taken in each: + tel let o denote VE. 


* 55, BÞ=—55, F = preater AKs 


Alſo i M repreſent the meaſure in a latitude denoted by x, and N 
bs _— at the equator ;. let A denote an angle, the meaſure of which 


| | 5 


1 * Seer 215 | 
9p »o 


129. The lengths of a degree df a as. obtained by ul 1 men- 
ſaration in different latitudes, are the following. 


Maupertuis and aſſociates in lat. 66% 20 6 * 57438 is. 
.. 149 22 M=57074 

Caſſini and De la Caille - ir — 

Boſcowich e M=56972 

De la Caille 166 3 M=57037 

Juan and Ulloa  Tm=56768 

Bouguer _ bw the equator 1222 7 

De la Condamine | M=56749 


Now by comparing the i with each of the following; the 2d with 
each of the following; and in like manner the 3d, 4th, and 5th, with each 
of the following, there will ariſe 25 reſults, each ſhewing the rela- 


tion of thoſe axes or 3 __ reſults are here annexed to be 
compared. 


I. Comparing the iſt with each of the following. * 
Putting E for 66® 20%, and F for each of the 8 Then 
log, of o will be=0,0009203 ; or o, 00098 12; or 0,0117933 or 
000 10142; or 0,0016986 ; or o, 017 368; or o, 017470. Alſo 
| . Ko. =0,2665109 j oro, 3426650 ar o, 3783127 ; or o, 5413670. 
175 „ ae =0,2622636 z 0r 0,3381 362, or 0,37 2866701 0,5360855- 3 
= at the equator, log. f, = 10, 3562514 or 10,3561943; or 
3501372. r 
— 9 of he greater axis to the leſſer will be found to be as 
1 to 0,9919994; or to 0, 993371 or to 0,9927763; or to o, 9945213; 
* 999540253 or to nn or to ä 


Ver. U. 5 s * . 
1 *3 . * 2 8 0 1 X 


\ 
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II. Putting E for 49* 227, and for each of the following. Then | 
© will be=0,0000609; or 0,0002589; or 0,0000939; or 0,0007782. 
or 0,0008165; or 0,0008267. : 
And the ratio of the greater axis to the leſſer will be found to be :; 
x to 0,9981542; or to 0,9946330; or to 0,9992120; or to ©,9968662 ; 
or to 0,9907689 ; or to 0,99667 10. 
_IL 9 E for 459, 3 F for each of the following. Then 
log. of o will be=0,0001 3 or 0,0000330 ; or o, ooo 173; cr 
0, 007556; or 0,0007658. 
And the ratio of the greater axis to the leſſer will be found to be as 
— apy; or to 0,9996164 ; or to o, 9967087; or to 0,9965152; 
IV. Putting = for 43, and comparing it with the equatorial mez. 
ſures (for I do not compare it with that of 33* 18', becauſe this com- 
| pariſon would require the Earth to be oblong, contrary to the tenor 
of the other obſervations,) and it will be found, that the ratio of the 
"greater axis to the leſſer is as 1 to 0,9974272; or 1 to 0,9972334; or | 
1 to 0, 9971849. 3 5 | ET 
V. Putting E for 33* 18), and comparing it with the equatorial mea- 
ſures, it will be found, that the ratio of the greater axis to the leſſer is as 
1 to o, 9949364; or x to 0,9946205 ; or 1 to 0,9945077., 
I be arithmetical . of the ſeveral compariſons are e, 9940688; 
 ©,9946736 ;. 0,99520m ; 0,9972818; 0,9947082. 
And the mean of all of them is 0,9951989. 


— : 


130. * REMARK. 

The latitudes of 40 227 and of 45* fall within the meridian line drawn 
through France, the meaſures of which 2 taken have been re- 
examined, and corrected, ſince the northern and ſouthern expeditions. 
If we compare theſe only with thoſe two different meaſurements, that by 
Mr. Maupertuis and his aflociates in the north, and that by Bouguer at 
the equator, the ratio of the greater axis to the leſſer will be reduced to 
theſe ſix, viz. as 1 to o, 9919994; or 1 to o, 99337; or 1 to 0,9952717; 
or 1 to o, 9981 542; or 1 to 0, 9967698; or 1 to 0, 9965 152. | 

The arithmetical mean of theſe ratios, viz. of 1 to 0,9953467, may 
taken for the ratio of the greater axis to the lefſer ; which is as 230 ts 
228,92974, or very near the ratio aſſigned by Newton. EY, 


| 131. The proportion of the axes being given, to find their magnitude fro" 
= # meaſurement at the equator. Jp" r 
The circular arch equal to the radius is 57, 29578 degrees; therefore 
this number multiꝑlying the meaſure at the equator, gives the radius 
of curvature there; which is half the latus rectum appertaining to the 
greater axis; and this is to half the leſſer axis in the ratio of the laſſer m 
to the greater: hence firſt the leſſer axis, and then the greater will be 
made known. | 8 . the 
Thus, if che greater axis is to the leſſer as 1 to 0,9953457, and — 
menſure at the equator 567 53 toiſes, as Beuguer has ſtated it then 
"Tofler ſemi-gyis will be 3266919 toiſes, and the greater 3uba153. 


4 


133. 1 


radius. 44. f. Aeg above the cc 
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132. To find the ſame from a meaſurement taken in any latitude. 
If u repreſents the meaſure in a latitude denoted by E, and & the 


meaſure at the equator, N may be found as follows. 
By Corollary III. Problem I. If an angle a be found, ſuch that its 


tangent may be =— 2 *r. *, the meaſure at the equator will 


greater axis 


5 


„E 
be MX cube * 


And hence the axes may be known as above. 
From the meaſures in the latitudes 66° 20/ ; 49 227 46; and at the 
equator, fix ratios between the axes were found (130) ; 3 now each ratio 
being compared with both of its reſpective latitudes and meaſures, will 
ive nine values of the axes. Thus | 
The greater ſemi-axis=3277 500, or 3277484, or 3279655, or 3279702, 
r 3271718, or 3271779, or 3282937» or 3273007, or 3274479. 
The leſſer ſemi-axis 3251278, or 3251263, or 3257911, or 2829555 
or 3265678, or 3205704, « or 3207414, or 32024 * 3263053: 
emi- axis 3276473. 
The reſpective means will be f dhe fefter fen. Aris EO 
And between theſe and thoſe found at article 13o, the means will be for 
the greater ſemi-axis, 3279328, and for the leſſer 3263604. 
And a 13 3 
= ater ſemi- 2 
will give finally, for = _ 8 3284868 F French toiſes. 
133. Hence the Eveliſh foot being to the French, as * to 114 z 
the greater ſemi-axis will be 3493863 Engliſh fathoms, and the leſſer 
3477606 Engliſh fathoms. 
And an Engliſh mile conſiſting of 880 fathoms ; the greater ſemi-axis 
will be 3970,298 miles, and the leſſer 3951,824 miles. 
134. Since in problem III. the exceſs of the arch obo, x 


the fine of twice the latitude to radius; ar the number of minutes 
in any arch. is equal to the length of that arch multi by 3437 (the 
number of minutes in an arch equal to the 1 a 14 47% the 
radius of that arch, the number of minutes of the * the 112 of 


which is . contained in this exceſs, will be 2828. 2437 


divided by this radius, that is, to—EE©— x 3437h, as the fine of twice 
the latitude to radius. But @ being equal to 230, and b=228,92974, 
a X 34374 will be equal to 11,887 (nearly 12.) = 


Therefore the exceſs of the minutes of latitude above the minutes 
contained in the arch equal to Ap of the circle, the ſemi-diameter of 


which i 3 will be to 17,887, an the fine of twice the lat 
wade to radius, 


4 $ 2 And 
R ; * 
* 
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And thus will the arch ap be aſſigned, as meaſured by a log-line ad. 
juſted to the divifions of the elliptical quadrant into 60 times 90 parts 
according to the length aſſigned to this quadrant in the corollary annexei 
to Problem III. CAS | 

135. This number to be deducted may alſo be found nearly enough 
by the traverſe tables, thus : (VIE. 66, 67.) 

Among the courfes feek the double of the given latitude, when under 
45˙ or the double of the complement of the latitude, when above 45" 
and againſt 12 in the column of diſtances take the correſponding depar. 
ture for the number to be deducted. 

In an oblique courſe, the diſtance run between any two latitudes will 
be to the arch of the meridian contained within thoſe latitudes, as radius 
to the co-ſine of the courſe. | | 

136. In the next place, in regard to the ſhip's change in longitude on 
an oblique courſe, the difference between the meridional parts for the 


ſphere and ſpheroid (by Problem IV.) is — * 3437+, as the ſine 


of the latitude the ſhip arrives at from the equator, to radius. 
Therefore, when the equatorial diameter of the earth is to the polar 
diameter, as 230 to 228,92974, the difference of the ſpheroidal meri- 
dional parts from thoſe of the ſphere will be to 31,919, as the ſine of 
he latitude to radius. But by the conſtitution of the meridian line, the 
meridional parts expreſs the change of longitude made by a ſhip, whether 
on the ſphere or ſpheroid, on the rhumb of 45. N = i 
And the change of longitude on this rhumb is to the change of longi- 
tude on any other rhumb, as the tangent of 45?, that is, the radius, to 
the tanyent of that other rhumb, 
137. Moreover, this reduction of the meridional parts from the ſphere 
to the ſpheroid may be taken nearly from the traverſe tables, thus : 
Wick the given latitude among the courſes, and againſt 32 in the co- 
lumn of diſtances, take the correſponding departure for the reduction. 
138. In a courfe due eaſt or weſt at any latitude, the ratio of the ra- 
dius of that parallel run upon in the ſpheroid, to the ſemi- diameter of the 
Earth's equator, is found by Problem II. And any diſtance run upon that 
parallel, meaſured by the log, being reduced to minutes of the Earth's 
equator ; thoſe minutes will be to the change of longitude in minutes, a5 
the radius of that parallel to the ſemi-diameter of the equator. 
The preceding precepts will be ſufficiently illuſtrated by the following 
examples. | 


* 


130. Exant I. Let it be propoſed to find the diftance a (Bip ſpall ru 
upon the ſuppoſed elliptical meridian, in inc reaſing her latitude from 42 10 65 


degrees. | 
According to article 134, the log-line being adjuſted to a ſphere, ie 


| bb x 
ſemi- diameter of which is- = + 4 the reduction from this ſphere 


ic the ſpheroidal earth will be to 11,887, as the ſine of twice the latitude 
io radius, and the calculation will proceed thus: —. 1. 
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For the lat. 42*. | For the lat. 68˙. 
As rad. '  10,00000 As rad. | 10, 00000 
To 58% (2 X42") 999761 To 6,136* 2 x68®) 9.8477 
80 11,387 1.07 50% 80 F 


— — 


To the reduction 11,822 + 1,07268 | To the reduction 8,257 0,91684. 


Miautes in 42¹ == 25 20,000 Minutes in 68 == 24080, ooo 
reduction = 11,822] reduction =. "a 


The elliptic arc for 422 = 2508,178 | The elliptic are for 69% = 4071,743 
The leſſer number deducted from the greater gives 1563, 564 for the 
diviſions of the log-line adjuſted to the meaſurement of the elliptic me» 
ridian, which are contained between the latitudes of 42* and 68 on the 
ſame fide of the equator. $9 | 
Moreover, in the traverſe table, under twice 42*, over-againſt the 
number 12 in the column of diſtance, ſtands in the column of departure, 
the number 12 for the firſt correction; and under twice g0*—68?, 
that is, 445 ſtands the number 8 for the fecond. 5 | 


140. Exam. Il. Let it be propoſed to find the courſe and diſtance from 
the Lizard, in the latitude of 495% N. ta Barbadoes, in the latitude of 
13” M, the diffi rence of longitude being 54 36 32760. 

For the arch of the meridian, the reduction for the greater latitude is 
11%, and for the lefler 5,22. Therefore the latitudes reduced are 
2985,29, and 774,78, the difference is 2210,51, which is the meaſure 
of the elliptic arch between the two latitudes in the meaſures of the log- 

line, adjuſted as above. q 
In the next place the meridional parts are thus calculated, 


Far the latitude 49 57'. | For the latitude 13 Ol. 
As rad. 15 lo, coooo As rad. N 10, ooo 
* — | | 
To s, lat. == 49 57 9888393 To , lat. 132? f 9,35209 
ED 31,919 „og 80 31,919 1,0405 
To the reduction 24.43 1.38798 To the reduction 7,18 o, 8614 
For the latitude of 49 57 I pos the latitude of 13® + 


Tae ſpheric!, mer. parts = 3 69,80 The ſpheric!. mer. parts — 786,80 
reduction = 24:63 reduction = 7.8 

The ſpheroid!. mer. parts = 3445 37 The ſphercidl. mer. parts == 779,62 
| Alſo under each of the latitudes, in the traverſe table the ſame redue - 
tions will be found nearly in the columns of departure over-againſt the 
—_— 32 in the column of diſtance. | | 

he difference of the numbers 344,37 and 779,62, being 2665,75, 
is the meridional parts in the ſpheroid for the difference, of the cr by 
And the meridional diff, lat, in the — is 263,0 — 
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Hence for the courſe and diſtance. 


In the ſpheroid. But in the ſphere 

Diff. long. = 3276,0 3.51534 Diff. long. = 32760 3,5163 

Mer. parts = 2665,75 3.42582 Mer. diff. lat. 2683, 3.42802 

Tan. courſe = 50% 517 50% 10,08952| Tang. courſe = 50 41 0% 10,086) 

5 For the diſtance. | 

In the ſpheraid. | In the ſphere. 

Arch of the mer. 5 [ 7 ; a * 
in min. or miles 4 2210,51 3.34449 49* 577 —13˙ O 3667 =2217 min, 
of the log. line. } „ "OY P Ad diff. lat. = 2217 3,34% 

Co- ſ. of the courſe 50 51” 50 980014 Co- ſ. of the courſe = 50% 41 9, 80182 
Diſtance in the | 2 Diſt. in min. of 3 * 
"ares of the log, $3592 3.84435 the dhe = 3499 354395 


141 Ex AN. III. To fd the diffance of Cape Henry in lat. 37 N. and 
bong. 76 25 V. from St. Mary's, nearly in the ſame latitude, with longi- 
TTT * 

T he difference of longitude 53 27/=3207 m. 

In the ſpberoid. In the ſphere. 


Ep(fig. Prob. IL.) 0,00203 bh 9.90307 | Oo.. 3 g,90235 
Co- t. latitude 10, 12289 | Diff. long. 3.506 10 | Diff. long. 3-5c610 


25644 340917 


———— — 


25614 3-40845 


— —-¾—¼ 


Co-t. a. 10,12492 


Thus in the ſpheroid the parallel in the latitude of 37 contains for 
3207 minutes of longitude 25645 minutes of the equator ; and if the lo- 
garithm of 25 in the figure of Prob. II. (, 00101) bad been farther 
added to the logarithm of 25641, the ſum of theſe logarithms would have 
been 3,41018, and the arch of the parallel would be found to contain 
25714 minutes, as meaſured by the log-line; whereas, in the ſphere, 
this portion of the parallel contains 25615 minutes of the equator, 


142. 5 REMARK J.＋A | 85 
It appears from the preceding reductions, that the courſe of a ſhip on 
the earth, conſidered as a ſpheroid, is ſo near to what it would be on 2 
ſphere, the circumference of which is equal to that of one of the ellip- 
tical meridians, that with a log-line adjuſted to ſuch a ſphere, an artiſt 
may ſafely truſt to the ſingle rules of globular failing in his days works, 
even though his account of courſe diſtance were much more certain 
chan it is poſſible for them to be. It is therefore unneceſſary here to 
enter into the queſtion, whether the figure of the earth is a genuine ſphe- 
roid, formed by the revolution of a real ellipſis about its axis, or of ſome 
more com ed figure, as Mr. 2 who has diſcuſſed Why pos 
at large, contends, preſuming on preciſe accuracy of the 
Gareth A ks wa 
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MERIDIONAL PARTS 


To every Dzcrzs and Minute 


or THE 


QUADRANT. 


Calculated on a Suppoſition that the Eaxrn is 2 
perfect Sphere. 


. 


Where D. 1. ſtands for degree of lat. and M. P. for meridional 
ſeek the degrees of latitude at the top or bottom, and the minutes in the 
right or left hand columns; and the correſponding meridional parts 
wil ſtand right againſt the minutes, and in the column ſigned with 
tte degree propoſed. 9 | 
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3 626,4 687,5 748,9 2 f 93493 996, 710594122, 40118555 
| 24 9 8714 [373-2 [93593 | $97-7|1060,4/1; | 
| 25 |628,5 689,6 750,9 |312,5 874,3 936,3 998, 8106 1, 4 
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I126,6|1 90,1 
I127, T191,1] 
| 1128.7 192,2 
| 30 63328 694,7 756,0 817,6 379,4 415 1004.0 1066,7|1129,7]1 19392] 


31 634,6 695,7 75771 818,6 |880,5 942, 1005, 0 1007. 7/1 130, 81194, 3 31 
2 635,6 696,7 758,1 19,6 881,5 943, 000,1 1068, 81131801 195,4] 32 
! 225 1944-9. [1007,1 1069, 81 132,911 196,4 33 
$33.6 94,6 108, 1017, 134,01 192,50 34 
35 638,6 699,8 761, 1 822, 884,6 946,7 009, 2 107, cr 135,101 198,50 35, 
6 639,6 |7c0,3 762, 2 823,8 885,6 947.7 1010, 1073, 0 136, 1 199,6 36 
17 640, 701,8 763,2 824,8 886,7 94, 1011, 31074, ½ 132,0 200, 7 37 
; « 1949.8 12, 301075, 1138,21 201, 7 38 
9 642, 703, 8 765, 826,8 888,7 950,8 1013, 41076, 2 e, 39 
40 643,7 70479 766,3 327 889,8 519 10144/102771 140, 3[1203,9| 40 || 
Þ ht 164497 705,9 767.3 828,9 90,8 952,9 1016, 41078, 31141, 41204, 9 41 
| ; 391,8 953,9 1016, 5 1079, 31142, 41206, 0 42 
707,9 769,3 831,0 892,9 [955-0 0372S 1080, 41143. 8120, 1 43 5 
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. [66391 [72433 E22. 84228 1999-4 197 27 . e 2 . 1224.1} 597 
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Y Dare Wonxs are Sap meant the practical methods of finding 
a ſhip's place wy day at noon, and ſettling the courſe and dif- 

| tance ſhe has then to ſail. 


The navigator requires for this purpoſe the following elements, or * 


ceſſary things, to be known: 
I. The means of meaſuring and correcting the run of the ſhip, 


II. The nature and uſe of the fea and azimuth compaties. 
III. How to find the Sun's amplitude and azimuth. 


IV. How to find the variation of the compaſs, and — the 


courſes the ſhip has ſailed on that account. 
V. How to find the ſhip's lee-way, and thence to correct the courſes. 
VI. The nature and uſe of inſtruments proper for obſerving the alti- 
22 tudes and diftances of eeleſtial objects. 
vn. How to find the latitude and longitude by celeſtial obſervations. 
VII. How to correct the daily account — aan 
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SECTION LI. 
| == g ke | 
2. of the meaſuring a Ship's run. 

A great of methods has been propoſed to meaſure the rate at 
which a ſhip fails, but that moſtly in uſe at this time, eſpecially among 
the Engliſh, i is by the log and ha/ fo minute glaſs. 

The Los is a piece of thin board, of a ſectoral or quadrantal form, 
loaded in the circular fide with lead ſufficient to make it ſwim upright in 
the water: to this is faſtened a line about 150 fathoms long, called the 
Loc-IIxg, which is divided into certain ſpaces, called knots z and the 

log-line is wound on a reel, which turns very eaſily. 
he HaLy Minute GLass is of the form of an hour-glaſs, and con. 
tains ſuch a quantity of fine ſand, as will run through the hole. in its 
neck in half a minute of time. 
The making of the experiment to find the velocity of the ſhip is called 
 HeavinG THE Los, which is thus performed: 

One man holds the reel, and another the half minute glaſs ; an officer 
of the watch throws the jg over the ſhip's ſtern, on. the lee fide, and 
when he obſerves the ſtray | Ivey is run off the reel (which is about 10 fa- 
 thoms, this diſtance being uſually allowed to carry the log out of the eddy 
of the (hip's wake) and the firſt mark is going off, he cries turn! the 
glaſs- holder anſwers done who watching the glaſs, the moment it is run 

out ſays flop / the reel being immediately ſtopt; the laſt mark run off 
ſhews the number of knots, and the diſtance of that mark from the reel 
is eſtimated in fathoms. Then the knots and fathoms, together, ſhew 
the ion: the ſhip has run the preceding hour, if the wind has been 
conſtant. +» 

In the King's ſhips, India ſhips, and ſome others, it is uſual to-heave 


the log every hour: but coaſters, and thoſe which make ſhort voyages, 
heave the log once in two hours only. 


3. This practice of meaſuring a ſhip” s rate of filing is Hed upon 
the following principle. | 
| That the length of each Fnot ought 0 be the fame peri 1 a ſoa mile; as 


Bal if a minute is of an hour. 


Therefore the 1 of each knot ſhould be either 


68 * an} 1 of a nautical mile. 
Or (3 X NA 8 : ==) LEY of a degree. 1 
Or (2 X x5 X z% X 755 =) 4792888 of a great circle. 

By Mr. Richard Norwood's experiment * V. 73) it appears that a 
degree of a great circle on the Earth 1 2320 Engliſh fo: pe « feet, * 
35 thereof, or 6120 feet, is the length of one nautical mile. 
Hence +;8th of 6120, or 51 feet, ſhould be the length of each k 8 ; 

| Bur becauſe it is ſafer to have the reckoning 2 before = ſhip 

than after it, therefore 50 feet may be taken as the proper length of each 
knot; and each knot is now —— into 8 fathoms. 


| The 
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The length of the knots in the log- line, uſed formerly, was only 42 
f.et; and it is much to be wiſhed that no line fo divided was now in 
uſe, but cuſtom in many things prevails over reaſon. This way of divid- 
ing the log-line was founded on the ſuppoſition that 60 miles, each of 
5000 Engliſh feet, made a degree; for rie of 5000 is 414, or in round 
numbers 42 feet. And although many mariners find by experience that 
this length of the knot is too ſhort, yet rather than quit the o way, they 
uſe glaſſes for half minute ones that run but 24 or 25 ſeconds. ; 

I ke method uſually recommended to try if the glaſſes are accurate, is 
this: On a round nail or peg hang a ſmall thread that has a muſket-ball 
fixed to one end, 394 inches being carefully meaſured frofh the center of 
the ball to the loop which goes over the peg. Then make it ſwing, and 
count one for every time it paſſes under the peg, beginning at the ſecond 
time it paſſes, and the number of ſwings which it makes during the time 
the glaſs is running out, ſhews the ſeconds which that glaſs runs. 

For — ſhews, that the length of a ſecond pendulum is about 
J | 
The diſtance given by the log may be wrong on three accounts; name- 

1y, by an error either in the glals, or the log · line, or in both. | 


4. Cass I. When the lag-line is truly divided, and the glaſs is faulty. 
RuLE. As the ſeconds run by the glaſs, are to 30 ſeconds ; 
So is the diſtance run by the log, to the true diſtance. 
Exam. Suppoſe a ſhip ſails at the rate of 6% knots while a glaſs runs out, 
which runs only 25 ſeconds : What is the true rate of ſailing * . 
As 25: 30: : 6,5 : 7,8 miles, the true diſtance failed in an hour. 


5. Cask II. When the glaſs is true, and the log line is faulty. 
RuLe. As 50 feet, is to the diſtance meaſured between knot and knot ; 
| So is the diſtance run by the log, to the true diſtance. 


Exam. Suppoſe a ſhip ſails at the rate 61 knots an hour, by a lag- 
line which has only 44 feet to a knot : What 785 true rate of ſailing ? * 
As 50: 44 : : 6,5 : 572 miles, the true diſtance failed in an hour. 


6. Casz. III. When both lig - line and glaſs are faulty. | 
Rur. Multiply thrice the meaſured length of a knot by the diſtance 
run per log; the product, divided by five times the meaſured 
time of the glaſs, will give the true diſtance run. 


| Exam. Suppoſe a ſhip runs 5 knots an hour, by a lag - line of 45 feet toa 
knet, and a glaſs of 25 ſeconds : What is the true rate of ſailing ? 5/ * 
Then 3X 45 & 5, and mg yy 5X25, gives 5,4 miles=true diſt. 
—_ ſuppoſe æx =meaſ. length of a knot; 6 =ſeconds per glaſs; or run 
4. = | 2 F 
Then G : 30: : D: 30x D diſt. run by a correct glaſs. (4) 
*:: ZOND=SG: e ο Kn / ο KN. 


— 


” _— 


| + The mark -+ fignifies divided by. 5 
T 2 The 
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The log is ſubject to drive with the motion which the water may hay 
at its ſurface, and thereby give an erroneous rate of ſailing (for the expe- 
riment ſuppoſes the log fixed in the place where it is, when the firg 
not goes off the reel); therefore many methods have been propoſed to 
remove, or at leaſt to leſſen this error; and among them, that ſeems 
moſt worthy of notice, which was propoſed by the late M. Bouguer + 
in his Treatiſe on Navigation, publiſhed at Paris in the year 1753, and 
which was compoſed by the order of the Miniſter of State ; and again 
reprinted there in the year 1760, with ſome alterations, by the late Abbe 
de la Caille ; both thoſe gentlemen had been ſeparate!y engaged in very 
long voyages, and conſequently had much marine experienee : the ſub. 
_ of this method will be here given, though ſomewhat differently 
drawn up. | | 
7. Take for the LoG a conical piece of wood, through, or along the 
axis of which the log-line muſt be paſſed, and made faſt to it, about 40, 
50, 60, or more feet from one end; and to this end fix the Divex, 
which is a body formed of two equal ſquare pieces of tin, or of thin iron 
plate, fixed at right angles to one another along their diagonals. The ſize 
- this diver mult be ſo fitted to that of the cone, that the cone may juſt 
A cone of three inches diameter in the-baſe, and of fix inches in the 
fant height, is propoſed by M. Bouguer, to ſuit a diver made of plates 
about 94 inches ſquare. The float is fixed to the log-line at the in- 
— of the diagonals ; and the Jaap and peg uſed as in the common 
When this compound log is hove overboard, the diver will fink too 
deep to be much affected by the current, or motion of the water at the 
ſurface; and the log will keep more ſteadily in the place where it firſt 
fell; and conſequently, the knots run off the reel will ſhew more accu- 
_ rately the ſhip's rate of failing. „ 
As the common log is affected by the whole motion of the current, ſo 
this compound log will feel only a part of it; vi. ſuch a part nearly, 
as the reſiſtance of the cone is of the reſiſtance of the diver : thus the re- 
fiſtances of the above cone and diver are about as I to 5; and conſequent- 
ly this log will drive but + part of what the common log would; and fo 
the ſhip's true run will be affected by 4 part only of the motion of the 
waters. py | | 
8. To obtain the true rate of ſailing, it will be proper to heave alternate- 
ly, hour and hour, the common log and this compound log. Then the 
difference of their knots run oft, augmented by its th part, is the cci- 
rection; which applied to the knots of the common log will give the ſhip's 
true rate of ſailing, at the middle time between the hours when thoſe logs 
were hove. T he correction is added when the run by the compound log 
is greateſt ; otherwiſe it is ſubtracted. | | We: 
9. To find the courſe made good. Increaſe the obſerved angle between 
the log-lines by one fourth part; and this gives the correction to be ap- 
plied to the apparent courſe, or the oppofite of that ſhewn by the com- 
| a SO 1 Re 1 — 
* The French Academician concerned in meaſuring a degree of a meridian 
Ss - - | The 


| et tc NE igh | 

The correction is to be applied to the | * oof the apparent courſe. 
When the bearing of the common log is tothe ſ ;* 

10. Or thus; The length run off both logs, together with their 
bearings, being known, on a card or compaſs apply the knots run off 
(taken from a ſcale of equal parts) along their reſpective bearings, from 
the center; join the ends, and in this line produced, on the ſide next the 
compound log's length, take 4 of the interval; then a line drawn from 
the end, thus produced, to the center of the card, will ſhew the true courſe 
and diſtance. made good. 8 


or the comp. log. | 


Or, the true courſe and diſtance may be found by computation; by 
working in the two triangles formed by the above conſtruction. | 


Ex. I. The common lag having run Ex. Il. At 5h. P. M. the com- 
6,7 knots, bore NM. 42 E. at gh. 30m. man log having run off 7,6 knots, it 
A. M. and at 11h. 30m. A. MH. the bore S. 18* W.; and at 7h. P. H. 
compound lag having run off 8,3 #nots, the compound log having run off 5,2 
it bore N. 37 E. Required the cor- Rnots, it bore S. 20% W.: Required 
ref courſe and rate of ſailing at 10 b. the true courſe and rate at 6h. 


Common. log. Run 6, 7k. bear. N. 42 E. Common. log. Run 7, Gk. Bear. S. 18. 
Comp. log.  8,3k. N. 37 E. Comp. log. 82 S. 26 W. 
Diff. _— ! 8 

2 part 0,4 14 2 part 0,6 2 
Correction 2,0 6 Correction 30 10 
True run 8,7 Bear. S. 351 W. True run 4,6 Bear. N. 28 E. 


It. The following explanation of Ex. II. will ſhew the reaſon of theſe 
corrections. Suppoſe the line AB to repreſent the run and bearing of the 
ſhip by the common log; and Ac the run and, d, N - | 
bearing by the compound log; and let the ſhip r 


be ſuppoſed at o when the logs were hove, 
Then her apparent run by the wind, with 
the common log, is the line Da, or its paral- 
lel Ba, while the log is driven by the current 
Along the line DB; ſo that the ſhip's real run 
is along the line Da (VII. 48). Alſo, by the 
compound log, the ſhip's apparent run by 
the wind is the line Do, or its parallel ca; 
While the drives from D to c, which is 


only ith part of DB; ſo the real run is DA. 
ake EB = ABQ AC; draw CE and its 
iel or; then is ET TER (II. 165), Ar is 
nearly equal to An, and L. DAc is ver 
equal to 4 LBA. 
23 


y nearly 


For 
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For an=AF (II. 165) : and A in the time of making the experiment 
cannot differ much from An; neither can pn differ much from + of vn: 
conſequently the DA is very nearly equal to 1 / Fan. F 

Therefore AF being known gives the run Da. Alſo the bearing az 
being known by obſervaticn, or its oppoſite Ab; and the C ABD found 
by correction, the bearing DA, or the real courſe, becomes known. 

Or: Computing in the triangle Bac, with the two ſides, and the in. 
cluded angle, find BCA and Bc: then in the triangle Ach, knowing AC, 
cD (c), and ZAcD; find Acap and aD. 2 


I. There ſeems to be a miſtake in the dimenſions of the cone, and 
dive, propoſed by M. Bouguer, and followed by M. de la Caille; for 
no kind of wood uſed in Britiſh dock- yards, when formed into a cone of 
thoſe dimenſions, will float a diver made of ſtout tin plates, one fide of 
the ſquare being 94 inches. Such a diver, weighing 1 71b. avoirdupois, 
required to float 1t a cone of 5 inches diameter, and 12 inches on the 
flant ſide, fo that the point of the cone, which was made of light fir, 
ſhould juſt appear above the water. Now ſuppoſing one fide of ſuch a 
ſquare tin diver to be about 10 inches, and made of plate only 2 of the 
thickneſs of the former (for it is ſuſpected there is no tin of half its 
thickneſs), ſuch a diver would weigh, with its folder, about 20 ounces, 
and can be floated by a light fir cone of 4 inches diameter in the baſe, 
and 10 inches in the flant height, or — and fuch a compound log 
might, perhaps, be found on trial to be affected by about as much again 
as that propoſed by M. Bouguer, and conſequently the difference between 
the numbers given by the common log and compound lags, muſs be augmented 
by + of itſelf to produce the neceſſary correction. 


13. II. When a current, ſuch as a tide, runs to any depth, the velocity 
of that current may be much better aſcertained by the compound log, 
than by the common one, provided the diver does not deſcend lower than 
the run of the current ; for as thoſe ſhips which are deepeſt immerged, 
drive faſteſt with the tide, fo the diver being acted on below, as well as 
the log on the ſurface, their joint motion will give the total effort of the 
current's motion, better than what could be derived from the motion at 
| the ſurface only. Allo, by ſuch a compound log, the depth to which any 
curi ent runs, may be eaſily tried. | 


. . SECTION 


Py 
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SECTION HI. 


Of the Mariners Compaſs. 


14. The Mazintr's Cour Ass is an inſtrument uſed at fea to point 
out the way a ſhip does, or is to go; and conſiſts of three parts, namely, 
the box, the card or fly, and the needle. | FREY 

The Box, which contains the card and needle, is a circular braſs box 
hung within a ſquare wooden one, by two concentric rings, called jim- 
bals, ſo fixed by croſs centers to the two boxes, that the inner one, or 

compaſs box, ſhall retain an horizontal poſition in all motions of the ſhip. 

The Car, or FLy, is a circle of ſtiff paper repreſenting the horizon; 
and is divided into points and quarter points of the com paſs. 5 
The NEEDLE is a ftrait piece of ſteel made magnetical ; which has 
the _—_— pointing with one of its ends towards the north pole of 
The needle is fixed to the under fide of the card, and in the center is 
placed a conical ſocket, which is put on an upright pointed pin, fixed in 
the bottom of the box ; ſo that the card; hanging on the pin, turns freely 
round its center; and one gf, the points, by the property of the needle, 
will always be directed tows the north pole ® | | 
The top of the box is covered with a glaſs pane, that the motion of the 
card may not be difturbed by the wind. This apparatus is called the 

Compaſs. The compaſs box is to be fo placed in the ſhip, that the mid- 

dle ſection of the box, parallel to its fides, may be parallel to the middle 

ſection of the ſhip, along its keel. 5 

15. Before the invention of the compaſs, which happened towards the 
latter end of the 13th century, the navigating of ſhips was a very tedious 
and precarious” operation, and feldom made out ot fight of land. But 

the compaſs enables the mariner to hold his courſe over the ſeas in as di- 
rect and true a track, as the land carrier directs his carriage in a well- 
beaten road. Hence it might be reaſonably imagined, that no 

expence or cate ſhould ever be wanting in the conſtruction of this moſt 

_ Uſeful inftrument. But it has ſo happened, that ſome years ago ſcarce 
one ſea compaſs in ten was fit for the uſe for which it was made; they 
were fabricated by unſkilful and ignorant workmen for the wholefale 
dealers in the ſhipping way: and ſuch dealers generally pay no more re- 

gard to the conſtruction of this inſtrument, on which the ſucceſs of the 
voyage, and the lives af the men, in a great meaſure depend, than they do 
to any indifferent thing of the ſame price. =» 5 


— — 


—— " —_— 


"Ry " 8 
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* If a magnet, or a piece of iron made magnetical, be ſuſpended by a 
thread, or floated on a piecę of light wood or cork in a veſſel of water ; — 

be turned round either caltward or weſtward, one and the ſame point wilt: 
always be turned towards the north when the body becomes at reſt, : — 


— 
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There are however compaſſes uſed in the Royal Navy, India ſhips, 
and-ſome few trading ſhips, which are conſtructed with more care, and 
on better principles ; 'and are therefore vaſtly preferable to thoie com. 
monly uſed in the merchant's ſervice, which, from their conſtruction, 
ſeem to have been contrived purpoſely to vary from what was to be ex. 
pected of them; as by joining the dutſide box together with iron nails; 
making the needle of ſoft wire; and diſpoſing it in the form of a rhom- 
bus, in expectation that the magnetical forces of the ſides would conſpire 
to act in thediagonal ; making the pin and ſocket ſo badly, as to prevent 
the card from traverſing, c. &c. ONT | 

It is only within a few years, that ſea-compaſſes have been made free 
from that multitude of inconveniences which formerly attended the beſt 
of them: Such inconveniences were, firſt, needles having ſeveral poles, 
occaſioned by their irregular ſhape z for the beſt kind are ftr-ight bars 
with flat ends. 2d. The needles being made of ſuch a temper as was ca- 
pable neither of receiving, nor of retaining half the virtue it is poſſible to 
give them; and conſequently, they were not directed to the poles with 
that ſtrength and perſeverance they might have been. 3d. The waat of 
proper means to reſtore their magnetiſm during the courſe of a voyage, 
when it has been impaired. 4th. The troubleſome and inaccurate methods 
of repairing the pin on which the card turned when it has been damaged, 
and alſo the expence attending the uſe of agate caps, or ſockets, which 
are the moſt proper. 5th. The want of proper contrivances to hinder the 
card from being greatly affected by the various motions of the ſhip. 
"Theſe, and ſeveral other imperfections, have been happily removed by the 
labours of the truly celebrated Dr. Gowen Knight, F. R. S. whoſe admi- 
rable invention of giving magnetiſm to ſteel bars, greatly ſuperior to any 
power they could derive from the natural loadſtones, joined to a multi- 
tude of experiments which he has made for the marine ſervice, has pro- 
duced the means of conſtructing ſea-compaſles fo perfect, that there 
ſeems nothing farther to be wiſhed” for, as neceilary to this inſtrument. 
It may be reaſonably expected, that ſuch correct compaſſes will readily 
be brought into general uſe, as well in merchant's ſhips as in ſhips 
of war; for Knight's compaſſes are now univerſally uſed in the royal 


16. After the diſcovery of that moſt uſeful property of the magnet, or 
loadſtone, namely, os a polarity to | er ar, iron or ſteel, the 
compaſs was for many years uſed, without knowing that its direction in 
any wiſe deviated from the poles of the world: about the middle of the 
16th century, ſo certain were ſome of its inflexibly pointing to the north, 
that they treated with contempt the notion of the variation, which about 
that time began to be ſuſpected. However, careful obſervations ſoon diſ- 
covered that in England, and its neighbourhood, the needle pointed to 


the eaſtward of the true north: and the quantity of this deviation being 


known, mariners became as well ſatisfied as if the compaſs had none; 


- becauſe the true courſe could be obtained by making allowance for the 


true variation. | | | | | 
From ſucceſſive obſervations made afterwards, it was found that the 


deviation of the needle from the north was not a conſtant quantity ; Jo 


A 
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ut it gradually dimiuiſhed, and at laſt, namely, about the year 1657, it 
= 1 at 3 that the needle — 2 north, — 41 
Gnce been getting to the weſtward, and now the variation is near 22 de- 
tees to the weltward of the north: Sa that in any one place it may be 
7pected the variation has a kind of libratory motion, traverſing through 
the north to unknown limits eaſtward and weſtward. But the fettling of 
this point muſt be left to time. | 
About the ſame time it was allo diſcovered, that the variation of the 

needle was different in different paxts of the world, it being weſt in 
ſome places when it was eaſt in others; and in places where the varia- 
tion was of the ſame name, yet the quantity of it differed greatly. It 
was therefore found neceſſary that mariners ſhould, every day, or as of:en 
as they had opportunity, make proper obſervations of the ſun's ampli- 
tude or azimuth, by which they might be enabled to find the variation of 
the compaſs in the place they were. then, and thence correct their courſes 
roperly. EM 
: 2 Beſides the common ſea-compaſs, there is another, called the 
Azimurn CoMPASS, the uſe of which is to take the bearing of any 
_ celeſtial object, when it is in, or above the horizon. This compaſs Gif 
fers in no reſpect from the other, only that the circumference of the card 
or box is divided into degrees; and there is fitted to the box an index 
with two fights, which are upright pieces of braſs, placed diametrically 
oppolite to each other, baving flits down their middles, through which the 

ſun or ſtar is to be viewed at the time of obferyation. 


| TS To make Artificial Magnets. 


As there are many accidents at ſea, which make it very convenient, 
and even neceſſary, for mariners to know how to reſtore the magnetic 
virtue to their damaged needles, it was judged proper to ſhew how, iude- 
pendent of a loadſtone, magnetiſm might be given to ſteel bars; and with 
theſe bars to touch the needles of their compalles. 

The following method is extracted from a paper given by Mr. Jol 
Canton, F. R. S. in the Philoſophical Tranſactions for the year 1750. 
Procure ſix bars of ſoft ſteel, about 3 inches long, + inch broad, and 
de thick; and other fix of the hardeſt ſteel, each of double thuſe dimen- 
lions ; and let each of the 12 bars be marked with a line round them at 
one end, which call the north end; and the other, the ſouth end. Pro- 
cure alſo four bars of ſoft iron, called conductors ; two of tae fame thick 
neſs and breadth, but only half the length of the ſoft bars; the o:her two, 
tongs. that have been long in-uſe. _ . 

Let the poker be held nearly upright, with its point downwards; and 
let one of the ſoft ſteel bars be held tightly againſt the middle of the 
Poker by a thread with its N. end downwards; then with the lower end of 
the tongs, held alſo nearly upright, ſtroke the ite-] bar from the N. end 
upwards, about 10 times, on both ſides : and in this manner ſerve four af 
the ſoft ſteel bars ; and each will be made able to ſuſpend a ſmall key by 

its N. end. . — 
. Lay 
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the other two ſoft ſteel bars in a parallel poſition, at the diftane. 
of | inch, with a N. and S. end to touch each of their proper conductor 
Then placing two of the touched fteel bars together, breadth to breadth, 
the N. end of one to the S. end of the other; and the other two put in 
like manner againſt theſe, one on each fide, fo as to have two north eng, 
together, and alſo two ſouth ends; ſeparate with a large pin the two 
north points from the two ſouth points, at one end; and to the middde 
| of one of the two ſoft bars apply the open end of the compound bar, held 
upright, with the two norths towards the ſouth end of the lying bar, and 
in this poſition ſlide the compound bar backwards and forwards four 
times the whole length of the lying bar, ending at the middle; from 
| whence remove the compound bar to the middle of the other lying one, 
which rub in like manner: then turn both bars the other fide upwards, 
and repeat the operation on each. Let the two lying bars make the in. 
ner two of the compound one, and place thoſe which were before the 
two outſide ones between the conductors, on which the operation of 
rubbing is to be performed with the end of the compounded bar. Re. 
peat this operation until each pair of bars has been rubbed four times, and 
their magnetic power will be greatly increaſed. 
Now putting three contiguous N. ends to three S. ends, with this 
| d bar, the lower ends being opened with a pin, as before, touch 
two pairs of the hard bars, placed at half an inch diſtance, between their 
proper conductors, in the manner above deſcribed ; and with theſe four 
touched bars make a compound one to touch the other pair; obſerving 
that the lower ends be parted near a quarter of an inch after they are 
fet on the middle of the lying bar, and that they are cloſed before they 
are taken off: touch each pair of hard bars three times over, and thefe 
bars will be ſtrongly magnetical. To make them more ſo, let each pair, 
lying between their conductors, be touched twice over by two others, 
| held as nearly horizontal as can be, one in each hand, by drawing at 
the ſame time the N. end of one from the middle of the lying bar over 
its S. end; and the S. end of the other from the middle over the N. end, 
and bringing them every time to the middle of the lying bar without 
touching it. Four of theſe horizontal ſtrokes along each fide will give 
as much magnetic ſtrength to the hard bars as they ſeem capable of re- 
ceiving; and each bar, if well hardened, will lift near two pounds weight 
avoirdupois. | ROY e 


14. 7 proferve theſe Artificial Magnets. 


The fix hard bars, with their two conductors put end to end as one 
bar, ſhould be kept in a caſe ; the bars being put face to face, having 3 
N. and S. end together alternately ; thus they will retain their virtue 4 
long time, and be ready for any experiments: and ſhould their power be 
found to fail, it may be reſtored, by the latter part of the operation, in à 


few minutes. 


20. To 
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20. To give Magnetiſm to Compaſs Neeales. 

Lay the two needles of equal length, about an inch aſunder, with the 
N. end of one and 5. end of the other pointing the fame way, and ap- 
y two conductors in contact with their ends. Then with two mag- 
«tic hard bars, one in each hand, and held as nearly horizontal as can 

with the upper ends of contrary names turned outwards to the right 

and left, let a needle be ſtroked or rubbed from the middle to both ends 
at the ſame time, for 10 or 12 times, a N. end of a bar going over the 

8. end of the needle, and the S. end of a bar going over the N. end of 

a needle. Then without moving from the place, change hands with 

the bars, or, in the ſame hands, turn the other ends downwards, and 

ſtroke the other needle in like manner, and they will both be magneti- - 
cal. But to make them {till ſtronger, repeat the operation three or four 
times from needle to needle ; and at laſt turn the lower fide of each 
| needle upwards, and repeat the operations of rubbing them, as on the 
In the rubbings or touchings to procure magnetiſm, the hand ſhould 
not return directly back the way it came, but ſhould return in a kind of 
oval figure, carrying the hand about fix or eight inches beyond the point 
of the bar or needle where the touch ended ; but not beyond the point on 
the ſide where the touch begins. | 5 | 
It may be proper to obſerve, that the needle, which before it was made 
magnetical, hung level on its pivot, does afterwards incline to the ho- 
rizon; which inclination is called its Dip: The horizontality is to be 
reſtored by putting a ſmall counterpoiſe, or ring of braſs wire, on to that 
end of the needle which appears to be the lighteſt. 8 


PROBLEM. 
To make an obſervation with the Azimuth Compaſs. 
21, I. For an AMPLITUDE®. 

When the center of the ſun is about one of his diameters above the 
horizon, turn-the compals round in the box, until the center of the ſun 
may be ſeen through the narrow flit which is in one of the ſight vanes, 
exactly on the thread which biſects the ſlit in the other, at that inſtant puſh 
the ſtop which is in the fide of the box _ the edge of the card, and 
ahe degree, and parts of a degree, which ſtand againſt the middle line on 
the ſtop; is the amplitude of the ſun for that time. 8 

A; II. Fox an Az1MUTH +. 
Turn the compaſs round in the box until the center of the ſun may be 


ſcen through the narrow ſlit, which is in one of the fight vanes, exactly 
on the thread which biſects the ſlit in the other; or, until the ſhadow of 


Qu 


8 
— 


1 et. 


* Amplitudes are from obſervations made on objects in the horizon. See 
Book V. 212, 147 to 152. „ 
. Azimaths are from obſervations made on objects above the horizon. 
dee V. 111, 152. — | 
3 
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that thread falls directly along the line of the index: when either of theſ 
is effected, puſh in the ſtop r the card, and that degret 
and parts of a degree which ſtand againſt the middle line on the ſtop i; 
the azimuth of the ſun at that time. 55 

What is here faid of the ſun, is in like manner to be applied to the ſtars, 


23. When there is a rough ſea, and the ſhip rolls much, the obſervatich 
is beſt performed by two perſons, thus : 
Let one look through the ſights, and turn them till the thread cuts the 
center of the ſun, and be ſure to keep a conſtant fight of it, notwith. 
ſtanding the motion of the ſhip, which being ſignified to the aſſiſtant b 
any word, let him that inſtant obſerve what degree of the card is againd 
the middle line of the ſtop, and the arc intercepted between that point 
and the meridian will ſhew the quantity of the magnetic amplitude or 
azimuth. If the card ſhould vibrate very much, let him take the middle 
degree between the limits to which the vibrations extend, . 
When the magnetic azimuth of any object is obſerved, its altitude muſt 
alſo be taken at the ſame time. - ED 
This inſtrument is alſo uſeful} in ſetting the ſhip's wake, in order to 
-—+ ap and alſo to find the bearings of headlands and other 
objects | - __ = 


SECTION II. 


= To work an Amplitude. 


The true amplitude of a celeſtial object is its diſtance from one of the 
cardinal points of the horizon, at the riſing or ſetting of that object. 
| The amplitude is reckoned eaſtward in the morning; but it is named 
_ weſtward in the evening. , 
The cuſtomary way of accounting the amplitude is, to reckon it ſo 
much to the ſouthward or northward of the eaſt in the morning; and 
in the evening ſo much to the ſouthward or northward of the weſt : but 

as bearings are generally taken from the meridian, in the following 
pages the amplitudes will be eſtimated chiefly from the north point of the 
orizon. | 

The finding of the true amplitude at fea is of conſiderable importance 
in navigation; for the true courſe which the ſhip has ſteered is partly at 
certained thereby. | 
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PROBLEM. 


25” | 
Given the latitude of the place, and the declination of a celflia objett < - 
Required the true amplitude of that objeci. 


SOLUTION, 


Say: As the l of the latitude is to radius. 
So is the fine of the given decl. to the co- ſine of the amplitude. 
Or, Add 10 to the index of the log. fine of the declin. and fubtrat the 
„ 
log. co- ſine of the true amplitude. 
The amplitude, thus found, is to be reckoned from that point of the ho- 
rizon or compals, which is of the ſame name with the declination of that 
ect. | 
* the amplitude be wanted from the eaſt or weſt points of the wt; 
2on, the laſt term of the proportion will be a fine inſtead of a co-fine ; 
| and the amplitude is to be taken to the northward of thoſe points, when 
| the declination is 3 to the ſouthward, when the 3 
ſouth. 


26. SOLUTION BY THE TRAVERSE TasLE. 


With the declination among the courſes, find the departure to the dif- 
tance 100 

With the given latitude among the courſes, and faid departure in the 
column of latitude, find the diſtance. 

Look for a column of departure, where this diftance ftands againſt roo 
in the column of diſtance, and the degrees in the correſponding courſe = 

will give the amplitude from the eaſt or welt, 

This rule will always give the degrees as truly as by logarithms : and 
as the magnetic amplitude cannot be obſerved more exactly, the true am- 
plitude will be 2 ſufficiently correct by this rule. 


Exam. I. In the latitude of 38* vs what is the Sun's true ampli 
tude when his declination is 18* 5 M? 


By Logarithms. 5 Hy the Traverſe Table. 

As col. lat. == 38% 25” 10595 

To radius == 10, ooo To decl. 197 oo, and dift. 100, the 
So lin. decl. =— 18 59 9.51227 dep. is 32,56, 


— — Io lat. 3825“, and diff. lat. 32, the 
To fin, hor. are = 24 32 9.61822 diſt. is 41. 

| Io diſt. 100, and dep. 41, the courſe 
Subtract from go oo for N. dec. is 24˙ 45 Therefore the horizon- 
— | — 45 
Rem. true amp. = 65 28 fromN. 


In this and the following examples the neareſt te ree oy minute to 


the declination, that can be found in the Traverſe T ble, is taken for the 
declination, 


ExAM. 
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Exam. II. ired the Sun's true 
when the Sun's declination is 20 560 f. 


 Logarithms. | By the Traverſe Table. 
As coſ. lat. == 51* 32) ©,20617| 
To radius == 10, 00000 To decl. 21* co, and diſt. 100, the 
So ſin. decl. = 20 = 9.55301 gg 3598. 
—| To lat. 51* zo“, and diff. lat. 353, 
To fin. hor. are = 35 03 9.75918] thediſt. is 57. 
9 ® | — o diſt. 160, and dep. 57, the court. 
Add to 90 odo for 8. decl. 1s 34% 45% Therefore 35% may 
1 be taken for the horizontal ar arc 
Gives true amp. 125 oz fr. the N. [ * 1 


amplitude in the lat. of 51 3 N 


. III. When the Sun's Skates was 20 10 8, what was his 
amplitude at the Cape of Gad Hope, in lat. 34 15' S.? 


By Lernens. ſ By the Traverſe Table. 
As coſ. lat. == 34% 15 0,08271 
'To radius = * 10,00000| To decl. 20 4 and diſt. 100, the 
So fin. decl. = 20 10 9.53751 dep. is 3 


| — [To lat. 34* . and GE: but. 246 

To ſin. hor. arc = 24 39 9.62022 the dilt. is 42. 

| To diſt. 100, and dep. 42, the courſe 

Which add to 90 oo for 8. decl.| is 24* 45. Therefore 25” may 
— — be taken for the „ are 

Gives Nu. =114 39 fr. the N. | fought, 


* 


Exam. IV. On what point of the horizon does the Har Arctur us riſe and 
fe at Buenos Ayres, in 2 34” 725 S.? 


By Logarithms. | By the — Table. 
As cof. lat. 0,084 44. 
To radius = v 35 10,00000 To decl. 20% 30', and diſt. 100, the 
1 So fin. decl, == S 29  $:54399 dep. 1 35. 


To lat. 34 30“, and diff. lat. 35, 0, 
To fin. hor. arc 25 og . the diſt. is 42,5, 

| 5 | To ditt. 100, an dep. 42.8, the courſe 
Which add to go oo for 8. dec. is 2815“. Therefore the hori- 
— nemeel noe: ney by mikey os 25 66 
Gives true amp.=115 og fr. the N. — 
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rns Iv. 
27s To work an Azimuth. 


The true azimuth of a celeſtial object i is its bearing from the north or 
ſouth points of the horizon, when above it. 


in the forenoon the azimuth is reckoned eaſtward, and in the aſternoca 


weſtward. 
The azimuth i is uſually eſtimated from the ſouth, when to the ſouth- 


ward of the n and from the north when 
to the northward of thoſe points. 

The uſe of the azimuth is to find the variation of the compals, i in order 
to correct the courſes which the ſhip has ſteered. 


28. PROBLEM. 


The latitude of the place, the declination of the object, and d its abitude bing 
| knwn; — the true azimuth of that abjeft, 


' S$oLUuTION. 


' When the latitude and declination are of the fame name, Jet the co- | 


declination be called A. 
But when of contrary names, add the declination to go degrees, and 
call the ſum A. 
Let the difference between the co-lat. and co-alt. be called v. 
Alſo, find the half ſum and half difference of A and v. 
Then write-theſe four logarithms under one another. 
Namely: The arith. comp. of the log. fine of the co-latitude. 
The arith. comp. of the log. fine of the co-altitude. 
| The logarithmic fine of the foreſaid half fum of a and n. 
The logarithmic fine of the forefaid half diff of A and D. 
Add theſe four Ar together, and take half their ſum, which 
ſeek among the ſines for the correſponding degrees and minutes, and 


theſe being doubled will give the true azimuth required: from the *. 


in north latitudes, and from the ſouth in ſouth latitudes. 
The working of an azimuth by logarithms, although as ſhort as an 


numeral ſolution of this problem can be expected to be, has been 22 


one of the moſt tedious elements that enter into a common day's work : 


but by Gunter' 8 ſcale, i it may be readily done as 2 and 2 
correct. 


- To work-an P TAY by the Gunter's Scale. 


Find the co-lat., co-alt., the balf ſum, and half difference, as above. 
Then, On the ſcale of log. fines, ſet one point of the compaſſes on the 
half ſum, extend the other point to the co-lat., obſerving whether the 


ſecond point falls. to the right or left of the firſt, and take the compaſſes 


without altering their extent. 
det one point on the co-alt., and let the ſecond point fall where it will 
(che ſame way it did before); there hold it, and open the compaſſes till 
the — falls on the then take thera off without al- 


Now 
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the azimuth fought, reckoned in both caſes from the north. 


the Gunter flat on a board or table, and let the point reſt on it in a line 
work as before. 


feeming difficulties, that beginners may meet with, i in working an azimuth 


The co-alt. is 69 14 I Ar. co-log. fin. co-lat.= 49* 22 0,1198: 

The cc-lat. is 49 22 Ar. —— fin. eo- lat. 35 14 — 

—— — 4 Log. fin. 4 ſum = 63 31 9-951 

The diff. big 52 | Log. fin. 3 1. = 43 39 983901 

Now 109% 1 10=a=g0* & decl. The fum of the four logs 19.939835 
And 19 52 np. 


to a little more than 52. Let the point reſt 2 and extend the other to 
about 42, which taken from 180, leaves 1 38* for the azimuth from the N. 


| The co-lat. is 63 30 - 


ang. 2. ag==d.. Their 
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Nov ſet one point of the compaſſes on the braſs pin at the beg: 
right hand end of the ſcale of verſed fines (marked V. S.), turn th E 611 
point to the left, and obſerve what degrees and minutes in + 


{ines it falls on; thofe degrees and minutes will be the azimut! ;f thy 
Iatitude is ſouth : but if north, take them from 130% and the remain ler i 


If the extent, when applied from the co-alt. to a fourth, ſhould reach 
beyond the right-hand end of the fcale, as will fometimes happen, then ly 


a Mii... ue rm r 


with the ſines, and take the extent from thence to the half difference, and 
Theſe directions, with thoſe in Book III. 84, 85, will remove all the 


by the Gunter's ſcale. 


| Exam. I. Mt ſea, in latitude 40 39/ N. in'the afternoon, the Sun's ol 
titude was obſerved to be 20® 460, ap d-1 his declination was * 100 F. : Re. 
quired the Sam's true azimuth at that time. | 


By Lo GARAIT ANS. : 


Their ; ſum gives 38® 55 96992 
127 0263 51 k unn. 4 SS, 2 


2— — The double is, 137 <0, mhichis the Sun? $ true 
87 18 3 39=Z diff. azim. fromthe N. 6 


By GunTER's SCALE. 
On the fines, the extent from 63 317 to 49? 27 will reach from 69% 10 


43 390; ; this extent will reach from the beginning of the verſed fines to 


point of the horizon, and is very near what was found by the logarithms. 


Exams. II. What is the Sun's true azimuth in the latitude of 26* 3c * 
when his altitude in the foreman is 24 28', and bis deck. ts 227 4" N. 


By LocariTHuwus. 
The co-alt. is 65% 3 Ar. co-log. fin. ce lat. = 63? 30' o, o * 
| 14 fin, co-alt. = 65 32 0,4086 
| Log. fine 3 ſum = 34 41 9.75514 


— — — 


The diff. D= 2 02 | Leg. ne] 8 39 0.73200 
: 2 

Now 679 20=a, is g0# leſs dec. The ſum of the four logs 109, 57621 
* e 


ir = ſum gives ** 5 978910 

69 2230 — | 
2)- _ yo — 
1 


65 18/32 39= di, | azim. from the 
2 
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By GuiTER's SCALE 

On the log. fines, the extent from 34* 41/ to 63? 30%, will reach from 
65 32/ to ſome point beyond the right-hand end of the ſcale ; let the 
point of the compaſſes reſt there, and extend the other point to the fine 


ning, or o deg. to 104 20/, the azimuth from the ſouth, nearly as found 

by logarithms. - 1 

Exam. III. At the iſland of St. Helena, in lat. 16% 00'S. the Sun's al- 

titude was obſerved in the forenoon to be 30 22, when his declination was 

22* 58“ §. hat was the Sun's azimuth at that time? 

The co-lat. is 7 oO Ar. co- log. fine co-lat. = 74® oo' 0,01716 

The co-alt. is 59 38 Ar. co-log. fine co-alt. = 59 38 o, 6409 
| ER Log. fine Z ſum = 40 42 9,81431 

Log. fine 5 diff. = 26 20 9g,64698 


The diff. D= 14 22 


| 


— — x 


81 24|40* 42/= f ſam, 


—— 


52 40026 20 2 f diff. [azim. from the ſouth, or 10% 36 from the N. 

Or thus: The extent from 40 42/ to 74 00” on the fines, will reach 

from the ſine of 59? 38' to a point beyond the limits of the ſcale ; then the 

extent from that point to the {ine of 26 207, will reach on the verſed fines 

from o deg. to about 107 49), the azimuth. from the north. 

| Exam. IV. On what point of the horizon, at the Cape of Good Hope, does 
the lar Aldebaran bear, when its altitude is 22* 25 ? 


| Log. fin. + fum = 58 54 993261 
The diff. p=11 50 Log. fin. Z diff. =47 o5 9.80472 


Now 105² 59'==a, is 90, and decl.| The ſam of the four logs. 19,914.16 
And 11 50 . 5 — b 


11 88 564/—= ſum. — — 
1 i... 2 : | | Which doubled, is 129 54, for the Sun's true 

94 ogl47 or —=E diff. azim. from the S. or 50 c& from the N. 

Or thus The extent from about 50 to about 674 on the fines reaches 
from about 5 54 to about 63: then the extent from about 632 to about 
47 reaches from the beginning of the verſed fines, to about 50? for the 
azimuth from the north. 1 45 
Theſe examples ſufficiently ſhew, that an azimuth may be worked by 
e Gunter's ſcale, not only with great readineſs, but alſo as accurately ag 
le magnetic azimuth can be taken by the compaſs. 4 

The manner of working amplitudes and azimuths has been pretty 
largely inſiſted on, in order to render them familiar to mariners; who, for 
© generality, eſteem theſe operations very troubleſome; and it is on this 
account that many writers have contrived various tables to remove the 
trouble coniplained of: but from a due conſideration of what is here done, 
u is apprehended ſuch tables will not hereafter be much wanted. 


— 


of 32e 300, and this extent will reach on the verſed fines, from the begin- | 


Now 67% O =, is 90 leſs decl.|The ſum of the four logs. 19,8429 
And 14 22=D. | , | 
| Their 2 ſum, gives 36* 12 9.77127 


Which doubled, is 72 24, for the Sun's true 


The co-alt. is 67 35” Ar. co-log. fin. co-lat. = 55® 45” 0,082-1 
The co-alt. is 55 45 Ar. co-log. fin. co-alt. 67 35 o,03412 


— |Thelr ſum gives 6% 5 & 9.95708 
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SECTION V. 


30. Ofthe V. ariation of the Compaſs. 


The magnetic poles are thoſe points of the world, towards which the 
north and fouth ends of the needle in the ſea compaſs are directed, 
Magnetical meridians are imaginary lines, paſſing through the magnetic 
poles. 

The variation of the compaſs is the difference between the bearings of 
the true and magnetic north poles ; and is meaſured by an arc of the ho- 
rizon contained between the true and magnetic north points of it. 


The variation is named eg, when the magnetic north point is to the 


"eaſtward of the true north: but when to the weſtward, it is named wef 


variation. 
The magnetic amplitude of a celeſtial ded i is its bearing by the com- 


paſs when in the horizon. 


The magnetic azimuth of a celeſtial object 1 is its bearing by the com- 
paſs when above the horizon. 


The variation is found by comparing the true and magnetic . 
tudes or azimuths of celeſtial objects together. 


The uſe of the variation is to correct the courſes which a ſhip has 


ſteered by the compaſs. 


* PROBLEM 


Given the true and magnetic amplitudes or aximui hs of a celeſtial objef : 
Required the variation f the compaſs. 


SOLUTION. 


Let the true and magnetic amplitudes or azimuths, be reckoned from 
the north; and named eaſt when the obſervation is made in the forenoon 
but weſt whou made in the afternoon. 


Then the difference between the true and magnetic amplitudes Or azi- 
muths, is the variation of the compats. 


And is of the ſame name as the true amplitude or azimuth, if the true 


is greater than the magnetic: but when the true is leſs than the magnetic, 


the variation is of a contrary name to the true amplitude, or azimuth. 


For, let x repreſent the true north point of the hori and the arc 
nwo the true amplitude or azimuth : it is evident, that if the arc ow, 


repreſenting the magnetic amplitude or azimuth, be leſs than own, then 
the magnetic north point of the compaſs will fall on the ſame ſide of the 


true north, that the amplitude or azimuth is on; but when greater, ® falls 
on the contrary fide. Plate XIV. Fig. * 


© EAN 
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EXAM. I. The Sun was obſerved] Exam. II. The Sun was obſerved 


to riſe 0° from the north by the com- by the compaſs to ſet MA. when his 


2 when his true amplitude was M true amplitude was N. 126* 17 V.: 
$1* 4 E. What was the variation, | Required the variation of the compaſs, 
and which way? and which way. 

True amplitude = 8 45 E.] True amplitude = 126* 17 W. 

Magnetic e = 70 oo Mag. amplitude = 112 30==10 pts. 


— — 


The variation = 11 45 E. | The variation = 13 47 W. 


Ex AM. III. Suppoſe the Sur's true] Exam. IV. When the Sun was ob- 
aximath be N. 84 400 V. when|\ſerved to bear ESE. his true azimuth 
his bearing was W. b. S. by the com-|was found to be N. 88* 46/ E.: What 


paſs: Required the quantity and — was the quantity and name the * 


of the variation. ſriation? 
True azimuth = 84 40 MW. | True azimuth = " $20 4 E. 
Mag. azimuth = 101 15 pts. Mag. azimuth = 112 30 
The variation = ub. | The variation = 23 44 W. 


The manner of finding the variation being _ the courſes may be 


corrected by the following rules. 


32. ES PROBLEM. 


Given the courſe ſet, and the variation of the compaſs : : 
Requi red the true courſe the ſhip fleers. 


1 


Let the perſon Gn himſelf —_ the way the ſhip fails; then the 
courſe ſteered by the compaſs muſt be altered as many degrees, or points 


and parts of a point, as the variation amounts to toward the right hand, 
if the variation be eaſt ; but it muſt be altered the like 8 towards 


the left hand, if the variation be weſt. 


* 


ehr. I. Joy je the variation 15 13 Joint V.; to correct theſe angle, 


5 + w. w. al dend SEAS. 15.31 pts. | ENEZE. 6] 
Variation Add 1 Pts. Subtr. 14 pts. Add 17 pts. | Subtrat 13 


Cor en. NMW. b. N. W. 37 32 pts. SW. b. S. 3. ISE. b. E. 18.51 | NE. ZE. 4 
ExAx. * The variation is wal E.; to correft the following aſſes. 


Variation Add 7" Wl oo | "0 7 Add 1 oo | vos. 5 — 
Cor. cur. N. "= 45 E. 8. 6 45W.| 8. 74 15W. N. 27 00 
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Book IX. 
ON VL 


Of finding the Ship's drift, or leeway. 


When a ſhip turns to windward, or is cloſe hauled on a wind, ſhe gene- 
rally runs to the lee ward of her intended courſe, 
EEWAY is the angle which the ſhip's real courſe makes with her in. 
tended courſe, occaſioned by contrary winds, and a rough ſea. 
The leeway made by different ſhips, under the ſame circumſtances of 
wind and fails, will be different; and even the fame ſhip, when differently 
laden, and having more or leſs fail abroad, will make more or leſs leeway, 


However, the following precepts for allowin 
enerally given by Engliſh writers ; they were 2 
ſq. who had them from Mr. John Buckler. 


iſt. When a ſhip is cloſe 


for the leeway have been 
ſt publiſhed by W. Jones, 


for Leeway. 


hauled, has all her ſails ſet, the water ſmooth, and 


a moderate gale of wind, ſhe is then ſuppoſed to make little or no leeway. 
2d. Allow one point, when it blows fo freſh that the ſmall ſails are taken in. 
3d. Allow two points, when the top- ſails muſt be cloſe reefed. 


4th. Allow two 


points and a half, when one top-ſail muſt be handed. 


5th. Allow three points and a half, when both top-fails are to be taken in, 
6th. Allow four points when the fore courſe is handed. 
— Allow five points, when trying under the main-fail only. 
8th. Allow ſix points, when both main. and fore courſes are taken in. 
th. Allow ſeven points, when the ſhip tries a hull, or all fails handed. 
hen the wind has blown hard on any point of the compaſs, and ſhifts 
to the oppolite point, the ſhip will make leis leeway than ſhe did before. 


But in all theſe cafes reſpect muſt 
and the trim of the ſhip. 


35. p ROB 


be had to the roughneſs of the ſca, 


LE M. 


Given the place of the wind, the courſe ſet, and the keway. 


Required the true courſe the ſhip makes. 
RuLeg. Count the neareſt way of the compaſs from the wind to the 
courſe ſet, and as many points and parts beyond as the leeway 
amounts to; and it gives the true courſe which the ſhip makes. 


Exam. I. The wind NW. b. N. 
the courſe ſet NE. b. N. leeway 1 
point: What is the courſe made good ? 

The wind NW. b. N. 

Courſe ſer NE. by N. z points. 

And the leeway 1 point 


True courſe NE. 


— 
— 


Here, counting the neareſt way in the 
compaſs from NW. b. N. to NE. by N. 
and one point farther for the leeway, 
becauſe the wind drives her farther to- 
Wards the eaſt, will give NE. for the 
true courſe that the ſhip makes. 


DS ints. | 
. © 4 Pa 


_ Exam. II. The wind SE. b. S. a 
hip is cloſe bauled with her flarboard 
tacks aboard, and both top-ſails band- 
ed: What is her true courſe ? 


The wind SE. by S. : 
| Courſe ſet E. b. L. ==7 points. 
Subtract leeway  =3Epoints. | 


True co. NE, by N. 5 E.=35points. 


The ſhip being cloſe hauled, is ſup- 
poſed to be 6 pts. from the wind, and 
muſt be in the NE. quarter, being on 
her ſtarb. tacks : then counting 6 pts. 
from SE. b. S. gives E. by N. 7 pts.; 


from which the leeway is to be taken. 
SECTION 
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SECTION VII. | 
Of Inſtruments for taking Altitudes. 


The altitude of the Sun, or any other celeſtial object, may be obſerved 
by inſtruments contrived after various ways; thoſe only which are beſt 
adapted for uſe at ſea, will be here conſidered. FR Re, 


Of Davis's QuanDRANT. 
30. The Deſcription and Uſe. Plate XIV. Fig. 9. 
The inſtrument moſt in uſe at ſea, until about the year 1740, is by 
us called Davis's QUADRANT, and by foreigners the ENGLISH Qua- 
pRANT. It conſiſts of two arches, making together ninety degrees, and 
is therefore called a quadrant. Thoſe arches are fixed in the ſame plane, 
one above, and the other below a ſtraight bar, the length of which is 
equal to the radius of the lower arch, and about three times the radius of 
the upper arch ; and they are connected and ſupported by proper braces. 
The upper, or, as it is commonly called, the GREATER ARCH uſually 
contains 65 degrees, not ſubdivided into ſmaller parts; and the LESSER 
ARCH contains 25 degrees, which, on account of their larger ſize, are 
ſubdivided into ſmaller parts, and theſe, by the help of diagonal diviſions, 
and 11 concentric circles, are uſually ſubdivided into ſingle minutes. 
There are three pieces called vanes, ſo fitted to the inſtrument as to 
ſtand at right angles to its plane. 5 
Firſt, The Horizon VANE is fitted to lip on the end of the bar or 
radius, cloſe to the center of the two arches. In this vane there is a long 
ſlit, through which the horizon, that is, the line where the ſky and water 
apparently meet, is to be ſeen. | 5 . 
Secondly, The Stehr V Ang, which is ſo fitted as to ſlide along the leſſer 
arch of 25 degrees, having a ſharp edge to cut the diviſion it ſtands at; 
and in a line with this edge is a ſmall hole, through which the horizon is 
to be ſeen through the flit in the horizon vane. "EEE 
Thirdly, The SHaDE VANE, which is fitted to ſlide on the greater, or 
bg arch. The upper line of the ſhade caſt by this vane is to fall on the 
edge of the flit in the horizon vane during the time of obſervation. 
Inſtead of the ſhade vane there is generally uſed another, called the 
GLass V ang, becauſe it has a convex lens (or, as uſually called, a burn- 
| log glaſs) fitted to it, which collects the Sun's rays into a bright ſpot on 
horizon vane, 
AB, is the bar or radius. c, the leſſer or 25 arch. De, the greater or 
bg arch, ab, cg, h i, are braces which fix the arches to the radius, and 
ſtrengthen the inſtrument. 6 the horizon vane. R the ſight vane. F the 
ſhade or glaſs vane. © Fa a ray of the Sun. C Dac aright angle, or 90. 
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37. | To obſerve e | the Sun's altitude or zenith diflance by Davis's nadrant. 
See Plate XIV. Figure 9. V 

Firſ, Put the horizon vane on to the end & of the bar an; and let 

it go cloſe to the ſhoulder at A. rü vane on the arch 
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DE to an even degree, about 10 or 15 degrees leſs than what the zenith 
diſtance is judged to be; and put the ſight vane ; about the middle of the 
arch Bc: obſerving that the ſhade and ſight vanes be thruſt cloſe to the 
backs of the arches. | 

Secondly, Turn your back to the Sun, hold the plane of the inſtrument 
in an upright poſition, look through the hole in the ſight vane, and rai; 
or lower the quadrant until the bright ſpot caſt by the Sun through the 
glaſs vane, falls on the S in the line drawn through the flit in the horizon 
vane; then, if the horizon is ſeen through the ſlit in the horizon vane 
even with the ©, the quadrant will give the Sun's altitude or zenith dif. 
tance at that time. „ 5 

Thirdly, But if the ſky appears through the flit inftead of the horizon, 
flide the fight vane f higher, until the horizon coincides with the bright 
ſpot falling on O; or if the ſea appears inſtead of the horizon, flide the 
ſide vane H lower, until the ſpot and horizon come together, and the ob- 
ſervation at that time is made. | | 

Faurthly, To the degrees between p and F add thoſe between c and H, 
their ſum gives the zenith diſtance : but the degrees between B and n, 
added to thoſe between F and E, ſhew the altitude. | 
38. Now to find the latitude, the meridional altitude or meridional zeni h 
_ diſtance of the Sun is wanted. Therefore begin ſome time before noon, 
and having taken an obſervation as above directed, wait a minute or two, 
and obſerve again ; and if the fea appears through the horizon vane the 
Sun has got higher, therefore ſlide the ſight vane lower, till the ſolar ſpot 
and horizon coincide; and thus continue obſerving at ſhort intervals, 
until the ſky appearing inſtead of the ſea ſhews that the Sun has paſt the 
meridian; when this happens, let the vane ſtand as at the laſt alteration, 
and add the degrees in the greater arc to the degrees and minutes in the 
leſſer, their ſum gives the meridional zenith diſtance. 

If inſtead of the bright ſolar ſpot, the upper border of the ſhade be made 
to fall upon the horizon line, at the time the horizon is ſeen through the 
flit in that line, then the ſum of the arcs is the zenith diſtance cf the 
Sun's upper edge or limb, to which add 16 minutes, and the ſum is the 
diſtance of the Sun's center from the zenith *. . 

30. One great objection againſt this inſtrument is the trouble and time 
loſt in ſliding the fight vane up or down, which ſometimes cannot be done 
without taking the quadrant from the eye, by which means an opportu- 
nity may be loſt of making the obſervation. But this defect is removed 
by having an index or ruler fitted to the quadrant ; one end of it moving 
round the center to which the horizon vane is fixed, and the other carry- 
ing the ſight vane along the arch. By this contrivance the ſight vane may 
be readily raiſed higher, or lowered, by the motion of the index about its 
center, without taking the inſtrument from the eye. "i 


* 
5 . \. * 


22 . 
— * 5 — * 


— — .— 


This rule is given by moſt writers; but as the extremity of every ſha- 
dow caſt by the ſun is 44 too faint at the very extremity to be per- 
ceptible, and ſo nearly dark before it is really ſo, that the limit of the pen · 
umbra cannot be diſtinguiſhed, it is obvious that it cannot be proper for 

2 where the obſerver maſt neceſſarily take the middle between the 
two: nothing muſt therefore be allowed for the Sun's ſemi-diameter. 
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40. There is another inſtrument, called a Foxs Srarr, or Cross 
STAFF, that has been long uſed at fea for taking the altitudes of celeſ- 
tial objects, particularly the ſtars. In uſing this inſtrument the obſerver 
holds one Ar of the ſtaff, which is a three- feet rod, cloſe to one fide of his 
eye, and flides a tranſum or croſs piece, which is in an upright poſition, 
along the ſtaff, until one end of the croſs touches the ſtar, and the other 
end the horizon at the ſame time; then the diviſion of the ſtaff; which 
the croſs ſtands againſt, is the altitude, But the many inconveniencies 
which attend the uſe of the croſs - ſtaff, make it now of little note, eſpe- 
cially ſince the uſe of Hadley's quadrant is become more general; as this 
inſtrument far ſurpaſſes all others for obſerving altitudes and diſtances of 
celeſtial objects at ſea, both in eaſe and accuracy. 


O Haviey's QUuaDRANT, | . 
41. The Deſcription and Uſe. Pl. XIV, Fig. 11. 


This inſtrument conſiſts ai the following parts: | 

I. The arch Bc, which is generally an octant, or eighth part of a cir- 
cle; but is more uſeful when it is a ſextant, or ſixth part of a circle. 
II. The index p, with its Vernier's ſcale. 
III. The ſpeculum . 

IV. Two horizon glaſſes, F and e, with their adjuſters, 
V. Two ſkreens, Kk, K. tic 

VI. Two fight vanes, N, I. 


; ; Of the Ozant. 7 


he octant conſiſts of the two radius's or bars As, Ac; the arch or 
limb Bc; and the two braces, L, u, which are to ſtrengthen and pre- 
vent it from warping, Although the arch contains only the eighth part 
of the circumference of a circle, or 45 degrees, it is divided into go pri- 
mary diviſions, each of which ſtands for a degree; they are numbered 
o, IO, 20, 30, Sc. to go, beginning at each end of the arch for the 
convenience of numbering both ways, either for altitudes or zenith diſ- 
tances. Every degree is ſubdivided into two or three parts, and theſe 
again into ſingle minures, either by diagonals, or Vernier's method, which 
is better. ET TOO I: 


II. Of the Index. | 

The index D is a flat bar, moveable round the center of the inſtrument ; 
that part of the index which flides over the graduated arch gc, has either 
a ſharp edge to cut the diagonal diviſions, when the limb is fo divided, or 
has Vernier's ſcale on it. | 3 3 6 

From the bottom of the index a piece of braſs turns up againſt the back 
ol the a, with a ſcrew in it, ſerving to faſten the index againſt 
any diviſion, NO 


Us When 
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When the index is moved along the arch, it ſhould be taken hold of by 
the bottom part, and not by the middle, 

The principles, upon which the Vernier's ſcale depends, were ſhewn in 
Book V. Art. 219; but it may be proper to add ſome general directions 
in this place, by which learners may be enabled to read the degrees and 
minutes ſhewn by the index. . . 

The generality of Hadley's quadrants are of 15 or 18 inches radius, 
and have each degree on its limb divided into three parts, of 20 minute; 
each. The breadth of the Vernier's ſcale is therefore equal 'to 7 de. 

grees; and as theſe ſeven degrees are divided into 21 parts on the limb, 
each of 20 minutes; the ſcale is divided into 20 equal parts: conſe. 
quently each diviſion on the ſcale is larger than each diviſion on the limb 
by 2th part of a diviſion on the limb, or th of 20 minutes; that is, 
each diviſion on the ſcale exceeds each on the limb by 1 minute of a de. 
gree : conſequently, if any one diviſion of the V ernier's ſcale ſtands againſt 
one of the diviſions on the limb, no other diviſion on the ſcale can coin- 
cide with a diviſion on the limb. | | 

Now the middle line of the index p, which is the moveable radius of 
the quadrant, is the index, or pointer, of the Vernier's ſcale, and is uſually 
its middle line; there being 10 diviſions, or minutes, on each fide, num- 
bered 5, 10, to the right, and 15, 10, to the left; that is, the firſt 10 
minutes of the ſcale is reckoned in order from the middle line or index to 
the right; and the latter 10 minutes is to be reckoned from the left-hand 
end of the ſcale toward the right, and ends at the middle line, where the 
others began. 3 
Suppoſe the middle line, or index of the Vernier ſtood againſt 48*, and 
ſomewhat more than one ſubdiviſion on the arch of the inſtrument. Exa- 
mine, firſt towards the right hand of the ſcale, if any of its diviſions ſtand 
againſt a diviſion on the arch; and ſuppoſe that the 7th diviſion from the 
middle one is found to do fo, theſe feven muſt be added to what the 
middle line on the Vernier ſtood beyond on the arch; that is, to 482”, or 
| 48* 20/, and the whole will be 48 27” that the index of the inſtrument 
ſtood at-on the arch, But if none of the right-hand diviſions ſtand againſt 
a diviſion on the arch, examine thoſe on the left-hand, beginning at the 
extreme one, and proceeding toward the middle; and let the 16th di- 
viſion be that which coincides with a diviſion on the limb (for ſome. one 
will); then thoſe 16 added to 48 20/ make 48* 36/ for what the index 
ſtood at. A magnifying glaſs, or double convex lens of a ſhort focus, 
will aſſiſt the obſerver in diſtinguiſhing that diviſion on the Vernier which 
coincides with, or ſtands againſt a diviſion on the arch. 


III. Of the Spequlum. 

The ſpeculum is a flat piece of glaſs, quickſilvered on one fide like 2 
common looking-glaſs, and fixed to the index by means of a braſs frame, 
directly over the center of it; its ſurface coinciding nearly with the firſt 
diviſion of the Vernier, and exactly perpendicular to the plane of the in- 
ſtrument. The poſition of its ſurface muſt therefore alter as the index 

turns on its center, 


The uſe of the ſpeculum is to receive the rays from the object obſerved, | 
and reflect them on the horizon glafles, oy Y 
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IV. Of the Horizon Glaſſes. SED ITY 
Theſe are ſmall pieces of looking-glaſs placed on one of the radii, the 
face of one of them being parallel, and that of the other perpendicular 
to the ſpeculum when the index ſtands at o; they receive the reflected 
rays of obſerved objects from the ſpeculum, and tranſmit them to the eye 
the obſerver. | | | 
gf glaſs F has only its lower part quickſilvered, and ſet in braſs work: 
the upper part being left tranſparent, that the hofizon may be ſeen through 


| 
"In the middle of the glaſs G is a tranſparent flip, through which the 
horizon is to be ſeen, | 

Both of theſe glaſſes are ſo mounted, as to have their poſitions ſet truly 
by their adjuſters at the back, ſhould the frame of the irſſtrument be 
warped, | | | | 

V. Of the Shreens. | 

Theſe are two pieces of coloured glaſs ſet in frames, to prevent the 
Sun's rays from hurting the eye during the time of obſervation. When 
they are uſed with the glaſs F, they are to be where the figure ſhews 
them; but when uſed with the glaſs o, they are to be ſet at their hole - 
above G. | hs -” | 

VI. Of the Sight Vanes, | 
That at n is uſed with the glaſs G in back obſervations : and the fight 
vane 1, which has two holes, is uſed with the glaſs F in fore obſer- 
vations. | 

For with this inſtrument an obſervation may be made with the face 
turned from the object, which is called a back obſervation ; or with the 
face turned toward the object, which is called a fore obſervation: but 
before any obſervation is attempted, the inſtrument ſhould be examined 
to ſee if it is fit for uſe. 4 


To reflify or adjuſt Hadley's Quadrant. 


42. © I. For the fore Obſervation, | "Ie 
Bring the index v cloſe to the button b, that the middle of the Ver- 
nier's ſcale may ftand againſt o degrees. Hold the plane of the inſtru- 
ment vertical with the arch downward ; look through the right-hand 
hole in the vane 1, and direct the ſight through the tranſparent part of the 
das r to the horizon. Now if the horizon line, ſeen both in the quicx- 
lyered part, and through the tranſparent part, ſhould coincide, or make 
one ſtraight line, the glaſs F is truly adjuited. But if one of the horizon 
lines ſtand above the other, ſlacken the ſcrew in the middle of the lever, 
behind the glaſs E, and turn the ſcrew at the end of the lever back- 
ward or forward, as there is occalion, until the horizon lines co- 
incide; faſten the ſcrew in the middle of tae lever, and then the horizon 
pb a auld, — 
43, II. 
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43. II. For the back Obſervation. 
Turn the button 6 on one fide, find the dip of the horizon on your 
height above the water in the following table (Art. 55.) and ſet the middle 
ne of the index D as many minutes before o degrees, as there are in twice 
that dip. Hold the plane of the inſtrument vertically, with the arch 
downward ; look through the hole in the vane , and if the horizon 
line, ſeen through the tranſparent flit in the glaſs o, coincide with the 
image of the horizon ſeen in the quickſilvered part of the fame pla, 
then the glaſs G is in its proper poſition. If not, ſlacken the ſcrey 
pin in the middle of the lever, behind the glaſs o, and, looking through 
the vane H as before, turn the ſcrew at the end of the lever back. 
ward or forward, as it. is wanted, until the horizon lines coincide; 
then tighter» the middle ſcrew, and the glaſs G is G__ In ſetting this 
glaſs by the oppoſite horizon, the head ſhould be held a little backward, 
not to intercept the light from behind. The horizon ſeen from be. 
hind will be inverted ; that is, the water will appear above, and the ſky 
below: if the two horizon lines croſs one another, the inſtrument is not 
held upright. 9 f 8 ” 


| To take the Suw's Altitude with Hadley's Quadrant. 


44+ I. By the fore Obſervation. EG: 
Fix the ſkreens k above the horizon glaſs F, uſing either or both of 
them, according to the ſtrength of the Sun's rays, by turning one or 
both of the frames of theſe glaſſes cloſe againſt the plane or face of tie 
inſtrumeat ; then the face being turned towards the Sun, hald the qua- 
drant by the braces I, M, or by either radius, as is found moſt conve- 
nient, fo as to be in à vertical poſition with the arch downward ; put 
the eye cloſe to the left-hand hole in the vane 1 ; look at the horizon 
through the tranſparent part of the horizon glaſs y; at the ſame time, 
move the index p with the left-hand, until the image of the Sun, ſeen in 
the quickſilvered part, falls in with the line of the horizon, taking either 
the upper or under edge of the folar image. Swing your body gent) 
from fide to ſide, and if that edge of the Sun which is obſerved touch the 
horizon line like a tangent, without cutting it, the. obſervation is well 
made : and the degrees on the arch, reckoned from that end next your 
body, give the altitude of that edge of the Sun which was brought to the 


horizon. 


If the lower edge was obſerved, then 16 minutes added to the faid de- 
grees, give the altitude of the Sun's center; but if the upper edge was 
uſeq the 16 minutes muſt be ſubtracted. 


45· 5 II. By the back Obſervation. 
Put the ſtem of the ſkreens Kk into the hole next the horizon glaſs o, 
uſing them as before ſaid, according to the ſtrength of the Sun's rays- 
Then the back being turned to the Sun, hold the inſtrument by the 
radius c and brace L, in a vertical poſition with the arch downward 
put the ehe coſe. is the hole in the vans i look for the hrizo 
ATT” ten | arougn 
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through the tranſparent lit in the glaſs 6 ; with the right-hand move 
the index p, until the image of the Sun, ſeen in the quickſilvered part 
of the glaſs G, ftands in the horizon line, ſeen through the tranſ- 
parent flit, uſing either the upper or under edge of the Sun, as is moſt 
convenient. Swing your body gently to the right and left, to try if 
the Sun's edge runs along the horizon ; if it does, the obſervation is 
well made, and the degrees reckoned from that end of the arch fartheſt 
from your body, will give the altitude of that part of the Sun which was 
obſerved. . | | 1 5 | | | 
If the Sun's lower edge was obſerved, then 16 minutes ſubtracted from 
the ſaid degrees, will give the altitude of the Sun's center; but if the up- 
per edge was obſerved, then 16 minutes are to be added. | 
In either of theſe obſervations, if the altitude of the center could be ob- 
ſerved, there would then be no need of u the 16 minutes. 
46. The fore obſervation is rather moſt convenient, eſpecially in 
_ altitudes, becauſe there is a much larger ſcope above and below the alti- 
tude wanted, than there is in the back obſervation, which, on account 
of the obliquity of the ſpeculum and horizon glaſs, is more contracted in 
its uſe. And indeed the back obſervations need never be uſed for the 
Sun, when there is a clear horizon forward, or under the Sun : when 
this is hazy and ill defined, it is beſt to uſe the back obſervation, if the 
horizon is clear that way ; it is proper, therefore, that the horizon glaſs 6 
ſhould be always in readineſs, by having it well adjuſted ; and becauſe 
the former method is not readily attained by beginners, we ſhall annex 


47. Another way to adjuſt for the back Obſervation. = 
Take the altitude of the lower edge of the Sun by the fore obſervation, 
as near to noon as, can be; then put the ſkreens into the hole near the 
vane H, and turning your back to the Sun, and holding the inſtrument 
properly, taking care not to move the index, look for the horizon line 
through the tranſparent ſlit of 0 glaſs G; _ ok the horizon line 
touches the upper edge of the Sun's image in the glaſs G, it is ry. 
— : if they do not touch, turn the glaſs by the lever behind it, til 
they do. | „ 5 
This operation muſt be done quickly, before the Sun ſenſibly alters in 
altitude; and may be frequently repeated to make the fore and back ob- 


ſervations agree. , 


To take the Altitude of a Star by Hadley's Quadrant. 


48. I. By tha fore Obſervations. 

Look directly up at the ſtar through the vane 1, and tranſparent part 
of the glaſs R, the index p being cloſe to the button 5b; then will the 
image of the ſtar, by reflection, be ſeen in the ſilvered part right againſt 
the ſtar, ſeen through the other part, Move the index forward, and as 
the image deſcends, turn the quadrant round its center, keeping it all 
tae time in a vertical poſition, and the image of the ſtar on the ſilvered 

a p | | art 
* : 
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part of the horizon glaſs, till it comes down to the horizon ſeen through 
the tranſparent part ; and the obſervation is made. 


R 49. If the altitude of the ſtar is pretty great, ſome other ſtars, beſide 
that wanted, may appear by reflection from the great ſpeculum, on the 
horizon glaſs &; theſe will dance with the motion of the inſtrument, but 
the true ſtar will remain at reſt about the middle of the glaſs, and ſo the 
others cannot be miſtaken for it. 

For the principles of the conſtruction ſee the Appendix. 


50. Hadley's Quadrants, within a few years paſt, having been applied 
to take the obſervations neceſſary for finding the longitude at fea, it has 
been found that ſuch obſervations required a degree of accuracy, of which 
the inſtruments conſtructed in the common way were not capable: and 
expert mariners having complained of thefe defects, different workmen 

have applied ſundry articles to the quadrænts to remedy the inconveniencies 
complained of; ſome of which follow. 35 

iſt. A ſcrew to the lower end of the index, to regulate its motion 
when brought by the hand to a diviſion ſhewing nearly the contact re- 
quired ; and a magnifying glaſs to read off the diviſions ſhewn on the 
limb by the Vernier. eden „ 

2d. A ſmall tube, or teleſcope, inſtead of the ſight vanes, to direct the 
line of ſight parallel to the plane of the quadrant; which tube is to be 
ſcrewed into a ring fixed to a ſquare ſtem that ſlides in the ſocket made 
for the fight-vane, and by the help of a ſcrew at the back of the quadrant 
this ſtem may be raiſed or lowered, fo as to move the axis of the tele- 
ſcope to point to any part of the horizon glaſs which is judged fitteſt for 
the obſervation. | 5 
Za. The arch has alſo been extended an oQant to a ſextant, or 
the ſixth part of a circle; by which means angles exceeding go degrees 
may be obſerved; and ſuch angles are often wanted in taking the angular 
. diſtance between the Moon and Sun, or Moon and Star. Alſo, for the 
convenience of holding the inſtrument eaſily in ſuch obſervations, a ſtout 
handle is fixed to the back, which is a very neceſſary addition. 
4th. The ſpeculum being liable, in the ordinary way of fitting it, to be 
bent; and conſequently the ſame obſervation would have different mea- 
ſures, according as the object happened to be reflected from different parts 
of the ſpeculum ; this has been lately rectified by a new manner of ſetting 
the ſpeculum in its frame. 5 2 
th. A new method of adjuſting the glaſſes for the back obſervation 
has lately been diſcovered, very accurate in principle, and ready in prac- 
tice, by the ingenious Mr. Peter Dollund, Optician to his Majeſty ; 
who alſo thought of the method of preventing the index ſpeculum from 
being bent in its frame. By his adjuſtments, angles of any magnitude 
under 180 degrees may be taken; viz. by the fore obſervation all under 
af Yana a ſextant; and by the back vation, all between go and 
180 degrees, 1 70 — Ty 
. 6th. Although Mr. Hadley at firſt directed that the line of fight 
ſhould be parallel to the plane of the inftrument ; and for placing and 
| preſerving it fo, propoſed, that two parallel wires ſhould be fixed in 
the ** — cadet. comm oa tut 
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tact of the objects ſhould be obſerved in the middle between the two 
wires; yet theſe circumſtances not being ſufficiently attended to, the two | 
llel wires had been neglected in fabricating the inſtrument ; theſe two 
arallel wires are now replaced in the focus of the eye-glaſs, fo as to di- 
vide the diameter of the field of view into three equal parts ; and when 
| the teleſcope is adjuſted parallel to the plane of the inſtrument, it will re- 
main ſo during the obſervation. CY! 
7th. As every glaſs mirror has two reflections, viz. one from the face, 
and one from the ſilvered back ſurface, theſe double reflections cauſe not 
only ſome confuſions among the reflected rays, but conſiderable errors 
in the obſervations, if the face and back of the glaſs be not parallel 
planes: and as none of theſe can happen from a plane mirror which has 
but one reflection, the upper part of the index ſpeculum is now made 
| with its back rough ground and blacked ; by this means the rays only 
which fall on its face will be reflected; and theſe are found ſufficient 
when the object obſerved is tolerably bright; but when it is otherwiſe, 
the object may be obſerved from the lower part of the ſpeculum, which is 
filvered ; the line limiting theſe two parts is parallel to the plane of the 
quadrant. Theſe two improvements were directed by the Rev. Dr. Maſ- 
kelyne, Aſtronomer Royal. TY 
The methods, by which theſe ſeveral adjuſtments are to be made, to- 
gether with ſome other particulars relating to the uſe of the inſtrument, 
are fully treated of in the book which accompanies the ſale of Mr. Dal- 
lond” 8 quadrants. | a | 


51. | To make an Artificial Horizon, 
One great inconvenience that mariners have to ſtruggle with at ſea, is 
the frequent want of an horizon. For though the atmoſphere may be 
clear enough to give a view of the Sun or other objects, at the height of 
10 or 12 degrees and upwards, yet all below that height is often ſo hazy 
as to hinder a diſtinct fight of the horizon; and conſequently an obſerya- 
tion made at ſuch a time cannot have the deſired correctneſs. And al- 
though water in a veſſel will have its ſurface horizontal, and an obſerva- 
vation may be made on the image of the Sun, ſeen in it when that water 
is perfectly ftill, yet the tremulous motion of its ſurface, from the leaſt 
wind or motion of the ſhip, prevents this expedient from being generally 
uſed at ſea; and therefore many methods have been propoſed ; among 
which Serſon's whirling Speculum, or Top, was, for a while, thought a a 
proper inftrument, but it has been found imperfect. Some artifts uſe the 
following method. 3 . Ns 0 | 
Into a wooden, or iron, circular box, of about 25 or 3 inches diameter, 
and about 3 inch deep, pour about a pound or more of quickſilver; and on 
this lay a metal ſpeculum, or piece of plain glaſs, the diameter of which 
is about Z of an inch leſs than that of the box; this will float in the quick- 
lilver, and ſhew the image of the Sun very ſteady. This apparatus being 
lung in jimbals will preſerve a tolerable good horizon. . ; 
The 2 or glaſs, ſhould be homogeneous, and have parallel 
hdes. There are ſome workmen, who can work the two planes of a 


piece of glaſs, ſo that they ſhould bz demonſtratively parallel. 8 


9 | 
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Or the fine ſurface of the quickſilver will do of itſelf, when the motio 
is not great. | 
In all obſervations made with theſe artificial horizons, a piece of co. 
loured glaſs ſhould be fixed before the fight vane, to preſerve the eye; an 
the ſkreens K may be taken off. ” a 
Corrections of the apparent or obſerved Altitude. 
In obſervations of the Sun, it is uſual to obſerve his upper or lower 
edge ; to which his ſemidiameter being applied, gives the apparent place 
of the center. For this purpoſe, among the tables, page 255, is one ſhew. 
ing the Sun's ſemidiameter for every ten days throughout the year; a; 
this is conſtantly altering with his diſtance from the Earth: but it is ge. 
nerally reckoned ſufficiently accurate to allow 16 minutes for the Sun's 
ſemidiameter. | 3 
Every altitude obſerved at ſea muſt be corrected: two corrections are 
common to the center of every object; and three to the Moon. 


52. I. The Dir or THE HoRIZox. 


The obſerver's eye being raiſed above the level of the ſea, he ſees an 
horizon below the level of the true one; and conſequently the inſtrument 
gives an altitude too great, when a fore obſervation is uſed; and too 
mall, with a back obſervation, unleſs the latter of the two methods for 
adjuſting the back horizon glaſs be uſed. 

As this error depends on the height of the eye above.the water, and 
that on the ſize of the ſhip ; a table of theſe corrections to different ele. 
vations has been computed and inſerted for ready uſe. The principles 
upon which theſe computations depend are given in the Appendix to this 
IXth Book.  % © | | 
$3 IL Tus REerrRacTion. 

The vapours in the atmoſphere cauſe celeſtial objects to appear higher, 
or with greater altitudes, than they really have. Theſe refractions, which 
are greateſt at the horizon, and diminiſh in quantity as the altitudes in- 
_ creaſe, have been collected by eminent aſtronomers, and are here dif- | 
poſed of in the following table ; the apparent altitude, above the true hori- 
20n, is to be diminiſhed by the quantity of the refraction on that altitude. 
For the principles, ſee the Appendix . 

54 . „ 
From the explanation of parallax, at Art. 66. B. V. it is evident, that 
the Moon, when ſeen at the ſame time from the ſurface and center of 
the Earth, will not appear in the fame place in the heavens; and this 
ariſes from the ſemidiameter of the earth bearing a ſenſible proportion 
to the diſtance between the Earth and Moon, which on a mean is about 
Les 2 quantity that conſiderably affects the obſervations on that planet; 
and therefore muſt be allowed for. But the diſtance of the Moon from 
the Earth conſtantly altering, between the Apogee and Perigee, the 
rallax alſo will be continually altering. The Moon's horizontal paral- 
which lies between the limits of 53 minutes and 62 min, is given 
in the Nautical Almanac for * twelve hours throughout the 4. 
Which 


— 
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which being known, her parallax to 
every minute of horizontal parallax, may be found in the following table: 


for — the obſerved ALTITUDEs of CELESTIAL 
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PROBLEM I. 
Given the eſtimated account of the ſbip's longitude from London ; to fid 


Book IX. 


ON vn. 


Of Comparing and Correcting Time. 


the correſponding times at the ſhip, and at London. 


RULEZ Ss. 
Let the given time be always reckoned from the preceding noon ; and 


turn the degrees in the difference of longitude into time. 


(V. 133) 


T. Then eaſt diff. long. in time, ſubtracted from the ſhip's time, gives 


Lond. time, P. M. from the noon uſed. 
And eaſt diff. longitude in time, added to 


time, P. M. from the noon uſed. 

Note, 
the day preceding the given one. 

Or, if the Sun exceed 24", the 


II. Weſt diff. longitude in time, adde 


time, for the noon uſed. 


If it be neceſſary to borrow 245, the 


London time, gives the ſhip's 
London time will be on 


4 
. 


exceſs above 24" is the ſhip's time on 


d to the ſhip's time, gives Lond. 


Or, The exceſs above 240, is Lond. time on the following day. 


And weſt. diff. long. in time, ſu 
ſhip's time from the noon 
borrowed. 


btracted from Lond. time, gives the 


uſed ; or on the preceding day, if 24 were 


EXAMPLES. 


'L What London time anfivers to 


a ſhip's noon, at a place 4 hours to the 
_ eaſtward of London? 


Here ſhip's time 
ceding noon. 


Then 24*\—4'=2ct P. M. Lon-| 


| don time, on the day before. 
. Or, Ship's noon anſwers to $ 
o'clock morning at London. 


„ Whet Londen time is it, when) 
it is noon at a ſhip 50. to f 
* ty p 5h. to the weſt of 


G P. M. + x W.= p. MI. at 


II. ben it is g ciel in the orn- 
ing at London, what is the correſpond- 
ing time at a ſhip 4h. to the eaſtward? 


Here 8 o'clock morning, is 20 
P. M. from noon of preceding day. 
Then 206 P. M. T 4b=24þ P. M. 
ſhip's time. Ls 
Or, 8 o'clock in the morning at 
London anſwers to noon in the ſhip, | 


- 


* 


IV. When it is 5h. P. M at Lon- 
don, what hour is it at a ſhip 5h. V. 
of London ? 5 


5 P. M.— 55 


[3h 


W. o P. M. or 
v. Whet 


ö 


- 


Book IX. 


v. What London time anſwers to 
2h. 38m. P.M at a jhip 22 deg. td 
of London? 


the eaſt of London ? 


22* E. makes 1* 28, (v. 133) 
Tan 2d 38= P. M.—1 28 E. 
zu 10 P. M. at London. 


VII. What thee d b of Landon, 


when a ſhip 40 IV. of London reckons 
it 3h. 20m. P. H. 


40 o W. =2Þ 40 W. 


Then 35 th, M. gon W. | 


=7* om P. M. London. 


IX. What London time anſwers to 
5h. 26m. P. M. at a ſhip 120* E. * 
London? 


120 E. * 88 E. 


26 P. M. the preceding day. 
Or, 9 26® in the morn, at Lond. 


XI. Mat London time anſwers fo | 


5h. 42m. P. M. in a ſhip 1100. W. 
of London ? 


110? W, .=7 20% W. . 133) 


Then 5˙ 42» P. M. ＋ 7 20 W. 
=1P zu P. M. Or i 2 in the 
morning at London. 


XIII. 4 hip 28730“ E. of ids | 


reckons 7 42 in the morning: what 
hour is it at London? 


28? 3 o' E. _ gt. 


Then 19 42 
=17> 48 P. M. 
Or, 485 after 5 in the morning. 


XV. Mat Landon time anſwers to | 
at London, what hour is it at a ſhip * 


6h. . 77 in the — at a ſhip 66" 
66* W NY 24" W. 


Then 18d 45® P.M. +4 24 W. 


=2P 9® P. M. 


Or, x4» rning at 
» 13) g® in the morning at 


(v. 133) 
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| 


(v. 133) 
Then 20% 26 P. M. —8ů E. I 


M.—1* 54 E. 
we r M. 


| 


| 
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VI. Mien it is 1b. 1om. P. M. at 
London, what time is it at a ſhip 22 E. 


Then 1b 10 P. M. ＋ 10 28 E. 


2% 38 P. M. at the ſhip. 


VIII. pen it is 7h. P.M. at Lon- 


den, what Jhip's time is it ? 40 W. of 
London ? 


40? W. =2d 4 W. (v. 133) 
Then 7 P. M.—2 40 W. =3˙ 
30m P. M. ſhip. 


X. Iden it is 9h. 26m. morning at 
London, what ſbip's time is it at 1207 
E. of London? 


120 E. makes 80 E. (v. 133) 
Then 21 26» P. M. +8* Cats | 
26= P. M. or 5 26" on the follow- 

ing day. | 


XII. What is it ata flip 1x0 V. 
of Londen, when it is 1h. 2m. in the 
morning at London? 


110% W. =5 20% W. 


. 133) 
Then 13˙ 2 P. M.—75 


20» W. 


5 42= N. M. ſhip. 


XIV. IWhen it is 5h. 48m. morn- 
ing at London, what hour is it at @ 


ſhip 28" 30' E. of London? 


28 300 E. = 15 54 E. 
Then 17 48 p. *M. +1 54" E. 


ſhip. 
Or, 7* 42® in the morning. 


XVI. When it wants 5 Im. of noon 


V. of London ? 

662 W. whe i 

1 3 hen 23 9 —4 m W 
218 45 P. M. _ 

Or, Time at the ſhip is 6 47 


| 


X 


Vor. IL 


morning. 


XVII. When 
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; XVII. When it is 4b. 26m. morn- XVIIL What hour is it at a 5 
ing, at a ſhip 98 45' E. London 9845 E. of London. when it is gh, 
what hour is it there? ISIN. P. MA. at London? 


45 E. GU 35 E. | 1 45 E. G 35 E. 
hen 16 26 P. M. - 6 35 E. hen of 51 P. M. + 6d 35* E. 
* 51 P. M. at Iggndon. 216 26 P.M. | 


Or, 4 26* morning at the ſhip, 


XIX. What London time anſwers XX. When it is 95. 20m. P. A. 
10 10h. 40m. morning, at a ſbip lO t London, what hour is it at a Hip 
V. of London? 1160 W. of London? Mo 
160? W. = 10h 40 W. | 160 W. = 105 40% W. 

Then 22 40 P. M. T 10 40] Then 33˙ 20 P. M. — 10h cn 
W. 33 20 P. M. or q 20 P. M. W. 22 40% ſhip; or, 10 400 
at London, on the following day. morning at the ſhip, on the preced- 


5 Theſe twenty examples have been introduced, becauſe experience hath 
ſhewn that a variety is neceſſary to moſt beginners. 


58. . 
To find the apparent time at ſea, and thereby to regulate, or compare, the 
going of a watch. T | 5 


I. By equal Aliitudes. (V. 215, 297.) 


The ſhip lying by, let the Sun's altitude be taken at any time in the 
forenoon, 3, 4 0 5 hours diſtant from noon, ſet down that time and al- 
titude. In the afternoon, wait until the Sun has the ſame altitude ex- 
ally (the index of the quadrant being already ſet to the morning alti- 
tude) and note down that time; then the half ſum of theſe two times is 
the apparent time ſhewn by the clock or watch, when the Sun was on 
the meridian of that place. EB 

If it were wanted to reduce the apparent time to mean time, > 
Seek in the Nautical Almanack * for the given day, and take out th 

equation of time; which applied, as its title directs, to the apparent time, 

gives the mean time. Aftronomical tables are uſually fitted to mean 

As it is poſſible that an altitude taken in the morning cannot have 2 
correſponding one in the evening by the interpoſition of clouds; it is 
beſt to take ſeveral in the forenoon; in order to have a greater proba- 
dility of ſecuring a correſponding altitude in the afternoon; and if ſe- 
veral obſervations of equal altitudes can be made on both fides of the me- 
ridian, it will be beſt to find the noon to each pair, and take a meau of 
all the noons thus found for the true one, 8 3 


„The Nautical Almanack is publiſhed annually, under the direchion of the 
Commiſſioners of Longitude, which Almanack every ſkilful mariner ſhould 
have with him at Sea. FD * | 1 


r 


| Equal time 


Exam. I. May 20th, 1772, at 
g> 40 farenson, and at 3 16" 
afternoon, by my watch, the Sun had forenoon, and at 3d 38 3% after- 
equal altitudes e required the going of neon, the Sun had equal altitudes : 
the watch how did the watch go? 


Add together 132d of Add together wy | 12d o of 
| | + 8 40 | | . + 8 10 58 
TL 1 | „„ 
Take the half ſum 23 56 Take half the ſum | | 4 9 3 


Rem. noon by che watch 11 58 Gives the middle time 12 4 46 


Apparent noon | PR time 19 

Watch too flow 2 min. Noon by watch 12 4 27 

* | Apparent noon 12 0 © 
Watch mods  —- 1 a7 


== © 
2 
ubtr. 4 |March 18ch ap. noon 12 4 27 
| —— Equa. time add | 
11 54 


Mean noon, by watch 


1 
II. By an obſervation of the Sun's altitude. 


18. At a convenient time take the altitude of the Sun's upper or lower 
limb, which correct for the ſemidiameter, dip, and refraction ; by which 


Mean noon, by watch 12-12 31 


the correct zen. diſt. of the Sun's center will be known. 


2d, At the time of the obſervation find the Ship's lat. and long. by 
account; (VIII. 60) and correct the Sun's decl. for the day, by the diff. 
of long. and time from noon ; and thereby get the true polar diſtance. 


3d. With the co-latit. polar-diſt. and zen. diſt. find the hour angle: 


e 4 (V. 152.) 

Which turned into time, ſhews the app. time when the obſer. was made. 
III. By an obſervation of a Star's altitude. 

1ſt, Correct the obſerved altitude by the dip and refraction. (55.) 

2d. Find the ſhip's latitude and 71 — by account. (VIII. 60.) 

d. Seek the Star's decl. or polar diſt. and ies roght aſcenſion, (V.312.) 

Ach. With the co-lat. polar diſt. and zen. dift. find the hour angle. 

Py N | = (V. 155.) 

X 2 Sth. Apply 


* 
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Sth. Apply the hour angle (in time) to the ſtar's right aſcenſion, and 


it gives the right aſcenſion of the mid-heaven. 
6th. Find the Sun's right aſcenſion to the place and time. 


(V. 
V. 288} 


. #9th. The difference between the Sun's right aſcenſion and that of the 
mid-heaven is the apparent time of the obſervation. Regulate the watch 


by the apparent time thus found, 


The logarithmic work for the Sap fn Art. 2d, ar for the Shar bn Att, 
d, may be performed by either of the following rules. 


RTE I. Let the diff. between the co-lat. and polar diſt. be called p. 


Find the half ſum, and 
Add the log. 
hour angle. 


ſum A. 


To the ar. To. of the log. 
fines of the faid half ſum and half diff. 
Half the ſum of theſe four logs. is the log. ſime of f the 


half diff. of the zen. diſt. and op. 
ſines of the co-lat. and polar diſt. 


Add rules x the co-alt. co-lat. * call the half 


Id n A and co-olt. he called 5. 


Then, To ar. co. of the log. 

Add the log. fines of A 
And Half the ſum of theſe 
5 hour angle. 


ſines of che co-lat. and polar diſt. 
and D. 


4 logs. is the log, coſine of f the 


— 


EXAMPLES. 


anuary 26, 1780, at 2 56 


| . by my watch, the true alt. 
- "ihe f uns center was 9* 17 „the ſbip's 

lat. 15 42 N. long. 33˙ W. Reguir- 

ed the error of the watch 1 

Time by watch 2 5& 56” 

33 W. (V. 133.) 2 12 oo 

Eſtim. time at Grenw. (57 T7 8 55 


Sun's dec. Jan. 26thnoon 18 4 24 
Deer. of decl. in p59 (V.281) 3 13 


Sun's decl. at ſhip 18 40 178. 


Polar diſtance 108 40 11 
Co-lat. 38918“ ar. co. log. ine 0,20770 


oo ©O + 


II. May 2 4th, 1780, being 5 in lat. 
43? 16 N long, 23' 300 E. at 7d 162 
forenoon, the true alt. of the Sun's cen- 
ter was found to be 29® bs how was 

(May 23) 195 16 30% 


the watch? 
1. (V. 13321 34 00 _ 


Time at the ſh 

Long.23® 30' 

Eſtim. time at Greenw. 17 42 30 
Sun's dec. May 230. noon 20® 45 22 N. 
Incr. of decl. in 17142 + 8 8 


Sun's decl. at ſhip 20 53 30 N. 
Sun's polar diftance 6g ©: 30 
Co. alt. 60 56 | 


Co. lat.46 4 ar. co. log. fine D,13777 


Po. diſt. 108 40 ar. "As ſine 0,02347| Po. diſt. S9 6 ar. co. log. ſine 0,02956 
"(> 80 16 4805. 5825 
um 88 ; 
 2)150 38(75*19/ log, line 9.98358 To. alt.6o 58 og fine 9.99965 
2)9 54 (4 57 log. fine 8.3940 Diff. 27 log. fine 9,66 368 
2)19,15275 2)19,83084 
22 9 log. * 34 36: log. cs, fine 9791742 


44 ew $7 12” app. time. | 


2 56 56 watch time. 
o © 16 watch ſlow. 


wy - 


291542 

69 13 '=4b 3& 52 * — At 
19 23 & app. time. 

19 16 30 timebywatch. 


56 38watchtooſflow. 


X * 


A 


ock IX. „ .- 


May 12th, 1780, at ſea, in latitude 29 117 N. long. 95 5/ WW the true 
altitude of the flar Antares was found to be 14* 5J at / 5“ by a watch: 
hat was the error of that watch? + 
5 Rt. aſcen. Antares 166 15/57 
Long. 95 W. (V. 133.) 65 200 20”, R. aſcen. Sun at noon 3 19 29 


Antares ſouth nearly 12 56 28 | 12 56 28 


Reed and 


—_—_—— uu. . 


| . Antares on the meridian at 12 53 18 
Antares Zen. diſt. 75 7 . 


Polar diſt. 115 56 Ar. co. log. fin. 0,04609 


. 


Sum (lang. being W.) 19 16 48 gives iner. rt. aſc. ſubt. 3 10 


Sum 251 52 
Half ſum 125 56 1 log. fine 9, 90932 : 
Zenith.diſt, 75 7 5 | 


Difference 50 49 log. fine 9.88937 


 2)19,90273 
26 37 vg. co. fine 9.95136 
was. 


$3 14=(V. 133.) 3* 32" 56” ſtar ſhort of meridian. 
132 53 18 far on the meridian, 


— 


9 20 18 app. time. 
9 1 5 time by watch. 


1 19 17 watch too flow, 


. 
- 
=D : - b 2 — - - * > — — — — 
= 5 = - 75 == — = — 
— — — — — — — — — — — — — — — — — — — - —_— 
. - - — pr — * r * 1 — _ _ = — — — - 
9” Se. = ——— — > 4 - — * — <= __ 24 I — . * 
— — 2 — * - IIS me . a — N . - r * P \ —_— - 
— — _ — — * ers — - £S « -_— 5 * 4 n — — af — 2 — — * — — F 2 2 K 
* 3 — — — 8 — F<; "ond. — 5 922 . $4 —_— — = _ = > - = . - — — — WP — 
. — — TEES — - —— — — V.: 5 2 — ” _— — — — » x — = 
— 3 — — . — - — — 2 + ” . - A" 2 — 
* = — i : — — ky 
— — 2 — 5 — — — =. — 2 5 — — * =_ . = 
, O Y . g 2 * — — 4 TI — 8 — 7 — 8 
Ml 3 Be 3 LS pow ' — — . SIRE 2 — es a \ 
—_ — e > 22 — 2 7 _ * 3 - 2 — 2 = 4 „ «=> 
_ \ _ —— 4 = ky, % a — — — * „ 1 — . = —— - r - >" «4 = 
5 8922 = q _ — . "x" * 
* = \ D > —— n fr Ow > I. S 4 = ib. _ * —— — 
5 * PR o = : - F= ä — n 
= - - b - = = 
= " oh" 
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59. To find the Latitude at Sea. 
Find the meridian altitude or zenith diſtance of the Sun or Star by 


Article 37, or 44, or 45, or 48, 49. | 
* carrections for the dip of the horizon, the refraction in 


* . 
CCS OE—_ 
. Ae 

* 7 
— a >. 
— — 
. 
„ 
— 
- . 


=- 4 - 
— 2 
ö 2— 


Art. 52, 53, 55, and ſemi-diameter, if the object be the ſun. | 
Seek the Sun's or Star's declination in the tables at Art. 309, 312, 
Book V.; or in the Nautical Almanack, obſerving to correct the Sun's 
decl. for places more than 8* or 10˙ to the E. or W. of London, as at 
Art. 31, Book V. SA Pee pros 
In 3 near the poles, when the Sun's declination exceeds the co- 
latitude, the Sun does not then ſet ; and therefore two altitudes may be 
taken on the meridian ; the leaſt of which is called the altitude below the 
_ The ſame may be underſtood of any other celeſtial object, which 


"WY Let 


—— — ——eö —— 
— —— 2 —_— ————— —_— —_— _ 
__ 
2. | © =>. 2x v 
— — — 
_ _ 


i 
| [ 
1 
. k | 
[ 
, 
4 * 
| ] 
| } 
- 
bad 1 
. | 


Theſe remarks being premiſed, all the varities of working a meridian 
obſervation for the latitude are contained in the ſolution of the following 


Problem: 


= PROBLEM I. | 
The declination of the Sun or a Star, and alſo its correct meridian alti. 
diſtance being known ; to find the latitude of the place of ab. 


| Pude, or zenith 


* 


bo. 


Like the declination, when it is 
unlike, when it is leſs. 


61. 


* 


62. 


If the greateſt meridian altitude or zenith diflance can be taken, the pre. 
ſerve ; but when the leaſt, or that below the pale, can on- 


ceding rules will 
be taken : then 


Rur E. To the meridian altitude below the pole, add the co-declina- 
tion, the ſum ſhews the latitude, of the ſame name wich the declination. 


The demonſtrations of theſe rules will be ſhewn in the Appendix. 


Exam. I. The Sun's meridional 
zenith diſtance was obſerved to be 48* 
200 ſoutherly, when he entered the ſign 
Aries : Required the lat. of the place? 
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Let the declination and the altitude, or zenith diſtance, be always 
named either north or ſouth, according to the ſeaſon of the year, and the 
ſituation of the object; and when it ſo happens that either of them is no. 

thing, it may then be named either north or ſouth at pleaſure. 


Warn THE OpJecT RISES AND SETS. 


CA I. I the zen. di. and decl. have the ſame name. 
Rur E. Their difference ſhews the latitude required. 
greater than the zenith diſtance ; but 


CASE Il. 7 the zen. dif. and decl. have contrary names. 
RuLEe. Their ſum ſhews the latitude re s 
And is always like the declination. | ; 

When altitudes are given, take them from o' for zenith diſtances, 


Wazn THE OBJECT DOES NOT SET. 


Book IX. 


quired. 


_ Exam. II. ben the Sun entered 
the fign Libra, his meridian altitude 
was objerved to be 53* 32/ in the north: 
What is the latitude of that place? 


The co-alt. or zen. diſt. 36*28'N. 
Declination _ 00 o S. 


The zenith diſtance 48 20 8. 
Declination ©o 00 8. 
Lat, fought 48 20 N. (0) 


„„ „ ” 


a - 


Lat, ſought 36285. (61) 


Exam 


Book IX. 


Ex AM. III. At ſea the Sun as 
obſerved in the zenith, when his decli- 
nation was 22* 10 N.. What is the 
latitude of that place © | 

The zenith diſtance co® oo' N. 

Declination 22 10 N. 


CC 


Exam. V. The Sun was obſerved: 
to be 47 25' diftant from the zenith 
in the ſouth, when his declination 1was 
14* 18 S. What is the lat. of the 

place of obſervation ? 1 

The zenith diſtance 47 25'S. 

Declination 14 18 8. 


Lat. ſought | 


Exam. VII. When the Sun's d 


clination was 23 00 S. his meridian 
zenith diſtance was obſerved to be 80 
25 8, : Required the latitude of the 
place. bg 
The zenith diſtance 8 25'S. 
Declination 23 09 8. 


Lat. ſought 15 44 8 (60) 


Exam. IX. The Sun's meridian| 
altitude of the Sun was obſerved ta be 


zenith diſtance was. obſerved to be 32* 
57 S. when his declination was 100% 
38/ N. : What is the latitude of the 


rf | 
The zenith diſtance 32* 57'S. 
_ _ Declination 10 38 N. 
| Lat. ſought 43 35 N. (61) 


Ex AM. XI. Obferved the meri- 
dian altitude of the flar Arcturus to 
be 61 14/8. : Required the latitude. 


Mer: zeß: dit. 28 46'S. 


Ard. declin. .20 26 N.(V.312) 


— — — — 


| 
33 07 N. (60) 


[ | 


| 
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Ex AM. IV. The Sun's merid. a- 
nith diflance was obſerved 2108 . 
when his decl. was the ſame : Required 


the latitude of the place of obſervation, 
I 


The zenith diſtance 21908 8. 


Declination 21 08 8. 
Lat. ſought 22 10 N. (60) 


Lat. fought 5 o '00 S. (60) 


| — 
| 


altitude was obſerved to be 54 27 
north, when his declination was 19 574 


ace. 


| The co-alt. or zen. diſt, 3 5 37 N. 


Declination 19 57 N. 


Lat. ſought 


11“ N."Weclination, his meridian alti- 
tude was found to be 79* 23 N.. 


What is the latitude of the place of 


obſervation ? 


The co-alt. or zen. diſt. 10® 377 N. 


Declination 23 11 N. 


12 34 N. (60) 


| Lat. ſought 


Exam. X. Suppoſe the meridian 


48* 14 V. when his decl. was 15 

38“ 8. : Required the latitude of the 

The co-alt. or zen. diſt. 41% 460 N. 
Declination 17 38 8. 


: 


] 


Lat. ſoyght 
Exam. XII. The altitude of the 
Star Syrius, when on the meridian, was 
24 32 S. Required the latitude. 
- Mer. zen. dift. > 28'S. 
Syrius's declin. 16 25 8. (V. 312) 


Lat. ſought 49 12 N. 


— 


Lat. required 49 03 N. 


Ex AM. VI. The Sun's meridian 
north : Required the latitude of the 


0 


| 15 36 8. (600 


Exam. VIII. The Sun having 23˙ 


59 24 8. (61) 
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Book IX 


63. Examples, wherein the foregoing Corrections are 


introd 


uced, 


I. By a . obſervation, the alti-| II. By a back obſervation, with 
tude of the Sun's lower edge was found, Hadley's quadrant, the apparent alli. 
ty 2 H. !ley's quadrant, to be 40 20'S. | tude of the Sun's lower edge was - 


when the declination was 9* 56' N. 


12 $8, when the declination was 21 


the cy. being 20 feet above the horizon :| 14 S. and the eve 30 feet above the 
Required the latitude of that place. 


Apparent alt. © lower edge 40 2008. 


Semidiameter. Add 


A parent altitude © center 440 
Dip. of the heriz. Subtract 


True zenith diſtance 


Latitude (61) 


III. Suppoſe an obſerver, whoſe eye 
is 35 feet above the water, ſhould find 
the meridian altitude of Sirius to be 
53 35 S. by the fore obſervation with 
a Hidley's quadrant : Required the 
latitude of the place of obſervation. 


True zenith diftance © 


Sirtus's decl. (V. 312) 


App. alt. cor. by the dip. 
Refraction. Subtract 


True altitude © center 


o 16 


1 


Apparent alt. of Sirius 53% 35 o” 8. 
Dip. of the horiz. Subt. 


Appar. alt. above hor, 
Refraftion, Subtract 


True altitude of Sirius 


1 


53 29 40 
0 0 40 


53 29 
36 31 00 8. 
16 25 09 8. 


59 25 N. 


| | Apparent zenith diſt. 


horizon In what latitude was that 
obſervation made ? 


Apparent alt. © lower edge 25 12 8. 
Semidiameter. Subtract o 10. 


1 altitude © center 24 56 


| Dip of the horizon. Add FE BY 


| App. alt. cor. by the dip 25 ol 


IRefraction. Subtrat 0 2 


True altitude © center 24 59 


True zenith diſtance 65 18. 
.| Declination | 23 34S, 
Latitude (60) 43 47 N. 


* 


| IV, In a ſhip where the eye of the 
obſerver is 25 feet above the harizon, 
ſupf ofe the meridian altitude of Arciu- 
rus ſhould be found 61* 21/ S. by a back 
obſervation with Hadley's quadrant : 
IWhat latitude was that ſhip in ? 


Appar. alt, of Arcturus 61®21* 08. 


28 39 © 
Dip of the horiz. Add 4 46 


Zen, ditt. dear of the dip 28 43 46 


j 


Refraction. o o 30 

True zenith diſtance 28 44 16 8. 
Arcturus's decl. (V. 3 u) 20 29 15 N. 
Latitude (611 49 12 31 N. 


— > 
% 
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V. May 26, 1780, in — VI. June 12th, 1780, in a hi 
67 30 E. of London, and the eye 18 | VI. June 12th 1 of £0 
et high, the meridian altitude if the and the eye 20 feet high, the meridian 
Sun's lower limb was 26" 12'N. by a altitude of the Sun's leer limb below 

fore obſervation : Required the ſup 5 |the pole, was 8 15'N. 
latitude. |ſervation : Required the latitude. 


Ship's time Fs 24* O0 P. M. _ 25. 1 's time 12 O P. M. 
Lon. 67 30 E. = 4 30 E. | Long: 83 W. = 5 49 W. 


Lond. time ON zoP. M. 6* 30X 3: Lond. time 17 er. any X 
May 25,@decl. 2156019“ N. diff. 10/1 *. 


Incr. of decl. 8 12 (V. 285) a2 13 * diff. 3 16. 


— of decl. 2 28 
At the ſhip 21 14 31 N. decl. | — 
App- alt. O lower limb 2612“ [Ac the ſhip. 23 15 45 N. declin. 
Semi-Giamater 0” 16 App. alt. © lower limb 8 15 N. 
Semidiameter + 16 | 
Dip. py 3 2 OS Wenn 8 30 
— 155 1 „ 27 be 
20 22 © | — — 
3 — Trae alt. © center 8 20 42 N. 
6 55 N.1© co-declination 606 44 15 N. 
—— rate 75 4 57 N. 
Letts: 0 42 23 248. | — 


This method of finding the latitude from the Wal * of 2 
ecleſtial object is the moſt eaſy, when it can be put in p:aCtice : but as 
that is not always the caſe at fea, the Problems in Section VI. Book V. 


were introduced to ſupply the defect; from whence it has been — 


proper to deduce ſome of ihe following molt pradtical methods, 


PREPARATION. 


Take one, two, or more altitudes of the Sun in the forenoon, noti 
the time of each by a watch : if the meridian alt:tude cannot be obtai 


take one, two, or more altitudes in the afternoon, noting alſo the times 
by the watch. 
if there are three, be taken at equal inter- 


Let the morning altitudes, 


vals of time, if poſſible ; if not, let the afternoqn obſervations be taken at 


the ſame altitudes with the morning ones. 
64. : ,YFEOBLEM II. 
When three zenith diſtances between the limits of 30 


. 
r alt time between 15 30 minntes. __ 
Car I. If the firſt and third zenith diſtances are equal: 8 
| Rurg. The middle one is the meridian zenith diſfanete. 


@ fore ob- 


— — — — — — <4 
. —— — 2 9 = l 


——_—= —— — ——ů — = —U— 
=. wn __ le - — Z=S 5 1 * — 
> = , AS * F - - 2 _—_— 
I x — — — ING: * = 
_ —_ — — 4 r : 

o 8 — > — 2 5 — _ C 
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= — . = —_— So” ot = * 12 by = — n 
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— 2 8 es * =_ 2 * - *% a 24 ry » > = l 
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r N 
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42 
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_ ExamPLs. On a day when the Sun's declination was 18* 34/N, ſome 
time near noon his zenith diſtance was s found to be 32 29/8. ; and 22 mi. 
nutes after, the zenith di tance was 32 x1” : and 22 minutes afterward; the 
zenith diſtante was 32" 29 Re quired the latitude of that place. 


Here are equal zenith diſtances, at equal intervals of time from the 
middle obſervation ; which therefore is a meridian obſervation. 


| Then 32 11'S. +18) N 45 N. the latitude. (61) 


(65) Cas II. If the two firſt, or two laſt, zenith diſtances are equal 
that on the meridian falls between thoſe equal ones. 


RuLE. From one of the equal zenith diſtances, the one eighth part 
of the difference. between it and the greater zenith diſtance ; and the re- 
mainder is that on the meridian. 


ExAMpI E. Wi thin an hour of noon, and at intervals of 22 minutes by a 
watch, the r zenith diſtances were obſerved, viz. If. 32 50%; 


2d. 32 154; 3d. 32* 15H: Required the meridian zenith diflance. 
4 * my Pail g5,1/ ; its}=4,8'; then 321 5 ub. 10,7. 


The meridian zenith diſtance is 32 x1/, — N 
(66) CASE III. When the three zenith diſtances are all unequal : 


If the two firſt are aſcending, or two laſt deſcending, then noon falls in 
3 whoſe two zenith diſtances are neareſt to equality. 


| Roe. Let the Since between the greateſt and middle be called a, 
the difference between the firſt and laſt be called 3. 

the difference between 3 and four times 4 be called 0. 

.  -the difference between Band e de called v. 
Then e multiplied by itſelf, and the product divided by four times , 


2 quotient is a number of minutes, which ſubtract — the ome 
_ venith diſtance leaves the meridian zenith diſtance. | 


Exam. I. In north latitude, the Sun was thrice obſerved near — whe! 
the zenith di Mance and times by a watch were as * 


11. At 11h. 2m. the zenith diflance=32* 51, 

24. 110. 51m. the zenith 2 14, 
234. 125. 15m. the zenith n x. Hy ee 
f Required the meridian zenith . 06 wt 


Zenith diſtance, iſt. 32 g1/ | 
| * 26, 32 14 
144.4 19 


Then 3 3 510 — 17 is the meridian zaun dune. 


— =I 1 
e 84 9. 


Ex Au. 
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Exam. II. In north latitude, three obſervations were made of the Sun 


near nom, at equal intervals of time, viz. 
iſt. At 11h. 2m. the zenith diflance was 34 117 


115. 20m. : 35 95 
Iih, 38m. * 2% 
Required the meridian zenith diſtance. | 
Here A 62; B=102; C146; 5 44. 
And — 2 8 2 1, the correction. : 


44X 4 
Then 34 . 2 1 32 10%, is the meridian zenith Ka 


Ex AM. III. In the torrid zone, the Sun having 197 48/ S. decl., three 
| obſervations were taken at equal intervals of time, near noon, Viz. 
At lob. 56m. the zen. diſt. was 36 41 S.) 
11 2 244 26 @ Required the lid. 
11 48 33 6 23 
Here a=2? 15213505 1 dar oe 4 : £=3353 D=130 3 
And c*X112225 ; 4b 520. Then 2 =3* 36%. 


And 36% 41'—3 36/=30" os), the meridian zenith diſtance. _ 7 
Then 33* 05/—199 48'=13* 17” N. the latitude fought. (60.) 
Exam. IV. In a low north latitude, the Sun having 14* 24'S. declina- 


tian; when the watch ſhewed 11h. 42M., 125. 20m., and 12h. 58m., the 


Sun's zenith diflances were 43? 195 43* 27, and 45 19), 9 
Reguired the latitude. 


1 Th. 42m. zen. dift. 43* 197 2 ane 


1 an 221 = 56 =116. 44=464. 
2 45 19 344- 
I 224. 45 896. 
21, c 344 507312 reateſt zenith diſtance 45 19“ 
L, 4D ſubtr. _ 896 A 2 12 
1, correction 132 2, 12081 Meridian zenith diſtance 4 7 * 
* | nn—bſeclnatin 4 248. 
_ Fhatienie- (60) 
1 
67. PROBLEM m. 


Eben alone zenith diſtances, between the limits of 30® and 70 are taken 
within an hour and a half 952. noon, at unequal intervals time. 

RuLs fiſt. Let the difference in minutes between the greateſt and 
middle zenith diſtances be called A; and the interval of time called 42. 
the difference between the firſt and laſt Zenith diſtances be called B: and 
the correſponding interval of time called ß). 


... Let the difference between the products of A by b and B by a be 
en. 


From the l ogarithm of this difference take the logarithm of , there 
remains a logarithm, which cll nt TE 3d. Add 


FOR | $ 


* 
„ 
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Add together the logarith ogarithm of N. 
” twice E of the diff, between a and 23. 


Ar co. log. of the diff. between a and 6. 
Ar co. logarithm of a. 
Their ſum gives a logarithm, which call M. 
4th. Seek the numbers to &, M, £8; their ſum gives E. 
From four times E take B, remains c; and B taken from c, leaves p. 
And the logarithm of four times p taken from twice the logarithm of c 
gives the logarithm of the correction in minutes. 
5th. Then the greateſt zenith diſtance leſſened * the correction, gives 
the meridian zenith diſtance. 
EXAM. I. Three obſervations being made of the & un, at a place in n 
Latitude, viz. at 10h, 40m. the zenith diſtance was 35 53 f 


IT 9 | 5 was JJ 44 
IT 51 was 32 14, 
How much was the Sun's meridian tenith diſtance F- 1 
oh. _— xen. diſt. 35 53 | 
11 9 


e b=71 B=219 [am b=42, 


4 29m. 33 33 of'5: * an 1b 655 
| 
>228,5X71= TO u bse X29=(3 xa=)6351;thediff. 22772 


Logarithm diff. 22772, 5 3-44.28 7E = 109.5 

Logarithm = 7 1,851260] * = 39,5 
Logarithm n= "2%6 — 1 

Twice log. ac 1 6,5 3352 = = 150,3 and 4 501, 
Ar. co, log. a 0 b= 42 8,37075| B = 219 | 
Ar. co. log. a = 29 8,537600] C = 382,2 


Logarithn m 1,3 0,13179| D = 163,2 and 4 69258 . 
Twice log. c== 382,2 6,1645 8 Greateſt zenith diſtance 35% 53 
| F066 4D= 652,8 _—_ Correction .. o= 43 8 
correction = 223 2:34980|Merid. zenith diſtance 32 10 
XAM, II. To the . 7 the tropic of Cancer, when the Sun's di- 
clination was 14 24'S. ; at the times 11h. 42m., 12h. 26m. 4 125 58, 


Heton by a watch, the Sux's zenith diftances were 2 19%43˙ 3 1 
reſpectively : Required the latitude, *. re 


Ih, 42m. Iſt, zen. diſt. 43 12} | 
12 26 b=76m. | 2d. 43 33, B=120 an 152 6 
12 8 . a l. 45% lia b=w 
axis 105 x 76=$056; rr. diff, of prod. 4216. 


. 4216 35624904 
| 2 | 1 76 f 8 N 8 Fre 
LN 555 727855 ee * 
21,8 8 1,55 : R = 9 and 4z=467,6 
vV,amk 44 2.35655 B = R 
Loc — 942175 22 == 2 -, 2 
„ N 1,4 O15179} * = 227,90, and 4D==910,4 
21, c 34756 5,0216 —_—_— zenith diſtance 4519 
L,4D 910.4 Eggg23| ion 133 2. 
* Tg |Merid. zenith diftance 73 58. 
ä 13 212293 Declination a 48 
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PROBLEM IV. | 
three altitudes are taken at equal intervals tine, at any dift 
fro ares See Book V. Artitle 202. 7 * 
RuLE 1ſt. Seek the natural fines of the three given aticades, (V. 185) 
Call the difference between the firſt and third altitudes, o; between 
the ſecond and third, F. 1 
put E for the fr of p and twice r, when the degrees in the third i- 
tude fall between thoſe of the firſt and ſecond; otherwiſe put # for the 
dliference between D and twiee F. 
2d. Add together the log. co-tang. of half one interval of time (in deg.) 
the log. of E, and the ar. co-log. of D (each in numbers) 
Their ſum is the logarithmic tangent of an angle a; or of its ſupplement, if 
the firſt altitude exceeds the third : convert the angle A into time. (V. 133) 
To A add one interval; then the difference between this ſum and 
| hours will ſhew the time from noon, when the laſt obſervation was made. 


Hence, by the intervals, the other times . the noon 
of the place of obſervation. 


zd. Add together the ar. co. log, co-ſine of a. 
the ar. co. log. fine of one interval obſerved, 
and the log. of D, their ſum is the log. of a number ». 
ath. To the logarithm of 8 add twice the logarithmic ſine of half the 
leaſt time from noon ; ſeek the number, and add it to the natural fine of 
the greateſt altitude, the ſum is the natural fine of the meridian altitude. 
5th. The number 8 leſſened by the natural fine of the meridian altitude, 
gives the natural fine of the midnight depreffion. 
Tuben the half ſum, and the half difference, being taken, of the degrees . 
and minutes anſwering to the fines of the meridian altitude and midnight 
depreſſion, give the co-latitude and declination. (V. 185} 
If the zenith falls between the equator and the Sun, the half ſum is the 
co-declination, and the half difference is the latitude. 
Exam. I. Between the tropics, the Sun's altitude was cler ved ſome time 
in the ferenoon, to be 73 227; after waiting 26 minutes, its altitude was. 
78* 50', and 26 minutes after, its altitude was 825 5 80 Required the lati- 


tude of that place. 
73' 227, nat. fine 2958167 (See Book V. note to art. 185. * 
„503421 = D 8 = „ - 
50 mY = 
| 5 „01130 = falſo 26m. = 6 307 
iz 55 299237 | \ 3 
4, „02260 Sr fits half = 
8 12,4577 „ 80 30 
2 ="0,01161 8,00483] 1's, 6 30 
"2D = 0,03421 140584] L,D m_ 
\ L,B 1 10 | 
Lit, a=80® 30 | bo», 10 a — 
Or a= 5 hours 22 minutes. 4. a8 | 
IS S. t tam. | W 4 
u 6 h. — 8 m. Oh. 12 m. 
at 11 $2 o, 83 7 
— 2 10 56 3 CES 


half diff. = 13 20 the he lathade. 
Ex A. 


% 
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; Exan. II. In the north temperate zone, the Sun having fouth declinatiy 
Bas altitude 1was obſerved to be 8 37% ; and 66 minutes afterwards, his a. 
titude was 13 f/; and 66 minutes after that, his altitude was 16 3475 
Required the latitude, | CO | 
At ſome time, alt. 8* 37“ nat. ſine, 14995 TS 

- Wo 513517 = Do 
66 m. 13 513 523955 | ben, 


7.04559 = F. 

66 m. 16 34 228514) Hp 
2 92 3 2F=,09118 & E = ,043q, 
66 m. = 16* 30'. And 6h.—th. 6m. = 4h. 54m. 


r 19,8385 14 65 59% o)3900 
* 222 2833250 Lis 15 30 054666 | 
L',D = 0,13517 ©,80913] 1,0 . ©,13517 9.13087 
5 an 1 1.1693 10,0679; 
La 65® 59 10, 35 103 2155 39455 763312 
. | | o, 05024 7,7010 
Or a= 4b. 23m. 56 f. „ 5 7.70105 
Now 4h. 23m. 561. + th.6m.=5. 29. 56. 1 6d 
6 = 4. 8 8 —_ - 
f & = — 3 * — d. 4 the 3 ſam = 39 1a the co-latitude 
9 17 56 leaſt alt. the 5 ad. = * 204 the declination. 


Exam. III. In a high north latitude, and the Sun to the eaſtward of the 
meridian, his altitude was obſerved to be 41˙ 53'; and 2h. 10 m. afier, his 
altitude wao 50* 234 and 25. 16 m. after that, bis altitude, was again 
obſerved to be 44* 54' : Required the latitude. * 


In the forenoon, alt. 41 53/ ſine „66762 5 
Iſt interval 2 h. 16 m. 35% 50 234 77% > D = 03823 


2d interval 2 h. 16 m. 44 54 70587 | c F = 406455 
or = ,12510 


Here as the 39. altit. falls between 1. and 2d ; D+2F=E=,16735 


Now Lf, By o 10,51466| 124 860 O 7 1,15642 
535 1, 0, 16735 922362] Lys, 34 0 6,25 244 
„ 0©,03825 1541737] L,D 0©,03825 7 8,8263 
| | | L 0,98060 x — 
L, A 869 & Il,tggogt oy / oh.\. 999649 
And 86%=5 h. 44 m. 21 15“ (= - )  8,82599 
h. 44 m.+2h. 16 m. = h. om. | — 
h.—6 h.==2 h. à noon at 3d. alt. 0,06569g 8,8174 
1ſt. altitude at gh. 28m. | 70587, ſine 3d altitude. 
ad. altitude at 11 44 | 50% 300 7715, fine merid. altitude. 
3d. altitude at 8 8 | 98060, number 5. 
| li2 4 20904, fine of mid. deprel. 


and declination 19* 13/ N. 


Hence the latitude is 58* 43/ N.; 
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| Exam. IV. In a lim northern latitude, and the Sun having fouth decli- 
uation, his altitude was obſerved in the forenoon to be 61 4% ; and 2h. 30m 
after, his altitude was 64 297", and 9. 30m. after, his altitude was 36* 5 1. 
Required the latitude, 8 85 — ö 


Forenoon |_ alt. 61* 47/ ſine ,88117 J* 
iſt interval 2h. 30m. 3) 30 64 294 „90249 f 7 D = 29215 
zd interval 2h. 3om. 36 51 »58902 F = 31347 
| | | ws Fo 2F = 35 
Dh | „ 22 = 533479 
Now L,f,=19* 45 10, 46922 1. , 73 zo 0,5 4566 
L,E —0,33579 9552477 Lis 37 30 9021555 
, org, 29215 0,5 3439] T. 8929215 9˙46851 
Bo 1  — . . 1622792 
L,, A 106⁰ 30 10, 5 2838 21%, 27 7 | ve 
7h. 3 30 ops 36m. | 58902 * 39 
And 9h. 36 m. —6 h. z h. 36m. _,, — = 1 ae 
ts jd. alt; at 3h. 36 m. P. M. 69 36 393728, fine merid. altitude. 
d 6. B l,6897 OE 
it. 10 36 A. M. 48* 48' „7524, ſine mid; depreſſion. 
| Itlence latitade 30% 48 N. 
{ Declination 10 44 N. 


bg. PROBLEM Y. | 
When three altitudes are taken at unequal intervals of time +. 
RuLE ift. Let the interval between the Iſt and 3d times be called 30 
Ms between the 1ſt and dee. my 
3 between the 2d and 3d ty 
and let the times M, m, u, be converted into dee (V.1 33) 
Seek the natural fines of the tliree obſerved altitudes. (IV. 256) 


And let the difference between the iſt and 3d be called p, 
detween the 2d and 3d p. 


2d. Add together the log. fines of f m and E a gives the log. of Z a. 
3d. To the log. co-fine of 4 m add the log. fige of 4 », the ſum is the 


log. of Z OT. | | 5 5 
Ach. Add together the ar. co, log. of p, the Io of r, and the log. ſine 
of | u, the ſum is log. of f c. f | 


| Take the difference between the numbers = B and E c, call it S$S Ex. 


Or let E be the ſum of I Band ; c, when the degrees in the 3d altitude 


fall between thoſe of the Iſt and 2d altitudes. - 


5th. From the logarithm of & x take the logarithm of f a, the remain- | 


der (16 being added to the index) is the logarithmic tangent of an arc 
o; or of its ſupplement, when the firſt altitude exceeds the ſecond, 


See Book IV. 256. 


9 i 8 e — 
- — —„- — 


t See Bock v. Artiele 200. 


Take 


it 3, 
7 : 4 
3 
{T4 

4 4 
E. 
4 15 

7 bl 

| þ 


2 02 * << . — L 4 
7 _ 
2 — — P * 
2 — = 3 l = 
— = Sn "7x. > —— — 
: * bs hs ol 
: — - 
ny a 444 * =_ — 
—— 7 9 r » RY 7 6 
Pee eme enen 
— 


— — 


1 
23 * — 
, 


— 
2 


— — 
S 


272. __- DAYS WORKS _ ik 


was taken. Hence the other times are known. 


of x 


gives the natural fine of the midnight depreſſion. 


40m. 10 h. oo mt. and 11 h, 48m. þ y a watch, the altitudes & 4 were 


M= zh. 8 m. =47* | 1ſt alt. =30? 417/ nat. fine 0,51037 | 
m=1 20 =20 [2d =45 2777 a: — 
» =: 48 =27 d =50 44 0,83615 | IF =012141 
Lim 10 & 9-23967|Here l 
1 13 30 9,368 18 And log B — | 
. 5 Alſo 12h.— 12 m. 2 11 h. 48 m. the 
La 0,04054 8,60785| time of the laſt altitude. 

| _ So the watch ſhewed true time. 
LA 10 &, 999338] % 63 30 o, 300% 
„ 13 30 9,3681180 „u 23 30 0, 39936 

Bl J 0232576 983 95 

L,zB O,22990 . | — 
8 5 | . _ | Lol 1,83 110 10, 26270 
1.9 ©,32578 3 21% 1 3 6,83584 


1, 1214, 8 2 5 | 3 — 


LAM 23* 300 | Lak * O,oolz;g ,09854 
* | 0.83613=fne 56. alt. ** 


we” + £6 63* 30 10, 30234 


Take the difference between G and the complement. of Z M, the re. 
mainder is an arc N, ſhewing the time from noon when the laſt altitude 


6th. Add together the ar. co. log. co- ſine of o, 


the ar. co. log. fine of Z M, 


_ the log of D, their ſum is the log. of a num. 
r I, 


th. To log. of 1 add twice the log. fine of n, the ſum is the log, 


Sth. The number x added to the natural fine of the third altitude gixez 
the natural fine of the meridian altitude. 
And the number 1 leſſened by the natural fine of the meridian Altitude, 


The half ſum and half difference of the degrees ſhewing the meridian - 
altitude and midnight depxeſſion, will give the co-latitude and declina. 
tion; or co-declination and latitude, when the zenith falls between the 
Sun and the equator. (V. 185.) 

Ex Al. I. In north latitude, the Sun having fouth declination ; at 8, 


3041, 45 377 and 56 44', reſpectively : Required the 


* — a 56® 527 _ 038374 —ſine. mer. alt. 
1K o, o8 130 8.91009 — 

33 34 ©,99370=iine mid, dep. 
Hence latit.=13* 21 N., 


66 — 1 47 8. 


— — — 


„ en IL The A was 16 34/; and 50 minutes after, tht 


altitude was 14* 2 and $2 minutes after the altitude was & 37 "Ren 
quired the latitude 


uz 
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rſt. alt, 16 34 nat. fin. o, 28514 
'=12 30 fad. 214. 0, 25486 1 D=0,13517 
=20 303d. = 8 3757 , 14997 J f, 10489 
6? 1 9.03 Here 1c — 1k. 
9.25028 And 17, of ſupplement of c. 
| | Alſo 2h, 42m. is time at 3d. altitude, 
o, 1937 ine T2 5 at 2d. altitude, 
— — 12 30 at 3d. altitude. 
. . 9.99741] 1, 11% 0 o, 39069 
10 15 — 1. J, EM 16 30 , 54666 
veg „ — „ 3517 | 9,1308g 
115 017689 3 926 * 
de, | Lat 1,17087 10,06824. 
15 0, 13517 0,8691102 %% 20% 15 9.07848 
lan - L,F | GOD, 3 | — 
la- % © 9,45334| LK , 14017 9 
the 10 o, 22038 9,343 18 0,14997=fine of jd. alt, " 
5.) co e cr . a 
bs 0.04349 8,63839|16* 527 2901 ine merid. alt. 
5. 140 =o S 10, 38121 r e 
a. "fp * 1s 61 38 87 993=line mid, depr. 


H==40 I UE IE 


Hence 4 0 85 N. wn. 22* 23 8. 


Exam. III. Some time in May, and i in a be northern latitude, three ſuc= 


5 ceſſrue altitudes 4 the Sun were, 41 5%; 50* 7%, 44 547 ;, the intervals 
of time being 2 h. 2 m. and 2h. 30 n. — the latitude. 
„ © 1 alt, =41" 57/ nat. ſin. 0,6676 _ 
n=2 30 237 od | =44' 545+ 00589 f 2=0,00154 | 
15 15 15 9.42001 Here e TSE. | 

047 + Light 18 45 9.507 100 Alſo 2h. om. = time at 3d. altitude 
WD —— 11 30 teat ad. altitude 

203 re 0,0845 389271] 9 28 == time at ft, altitude 

270 1% 18 ˙ 150 9.98443] „% © ͤ 1,178642 

584 15% 18 45 2 ͤ E ORE. 2 

ah | a — — , r i 8.5 8286 

854 „3 0, 31012 9,4953 | —— 

5 — „„ 0,g8112 9.99172 
| „ 0,3827 1.417142 4 15% & 8.82599 
L,F —y 8,78916| | 
LM | 9,7500 Lak 0.06572 8.81771 
Le 0.89921 | 9.95386] |  ©,70589=fine of 3d. alt, 
1.42 1, 20933 1008264 500 yo , 77 161 dne merid. alt. 
1 MAC. 86˙ & 8 1118843012 6 o, 2095 i ſine mid-a. depr. 
Ker 56 0=compl. of 2 M. Hence lat. 80 42' N. 
—— —_ =19 12 N. 


| 30 O xh. from noon, 
vor- It. | 


Y ExAnj; 


M= Fh. om. 75 Jt: 1 n 


m=2 14 33 266 3937 0,91726 D =, 29213 
n=2 46 =41 30 236 54 0,589023 J F=0,3282, 
in, 16* 4  9,45969|Here $6—in=Z&8, 
Login = & 9.54936 And o is a ſupplement. | 

1 | —|Alſo 3h. 36m.=time at 36. alt. 

L., 2A o, 1211 9009065 12 50 =time at 2d. alt. 

a —— 2 10 36 Sie if. alt. 
Log = 16% 45 | 9.98117] % 106˙ 3 0, 54666 
15, . 20 45 | _ 9+54936 u 37 30 te 90,1535 
2 3 | . 9.46581 
Lis o, 33926 9953953 —— 

4 | — 11 55969, 10, 22782 
LD, 0,29215 0.53439 * „„ 
„r 0, 32824 9.51619 "2 
1, u 37 30 9.78445 Lok 0.34825 9.54491 
who 6636 983503] —0,58902=finc of the 3d al. 
147 5 0.34470 9-537 69 360  0,93727=line merid. alt. 
1% 169g —=—n052839)48 48 0,75242=fine mid. depr. 

. 52 3o==compi. of A . Hence latitude = 30% 48' N. | 
: Declination - = 10 24 N. 
n=54 0=3h. 36m. & noon. | 
70. PRO BL. E 4 VL 
Given two altitudes of the Sun, the interva nom the two 8 
vations, the Sun's * and —— dead reckoning z to find 


Ax. co. leg. fine of the half interval. 
Ar, clog. ev co-ſ. of the lat. by account; their ſum v is thelog, fine of an arc 


24 DAYS WORKS. Bock N. 
2 a. Suppoſe threeſ ucceſſwe * 9 * gon? 61% 47 

397, JO” 57, Taken at intervals N 46m equired 
the tine of the dey, n * * 


the true latitude. 
serien. | 
x, Convert the interval of time into degrees, and take its half. 
Alſo take the half ſum and half difference of the two altitudes. 


; Firſt —— 

2d. Add the five following l ithms. - 
log. co-f. of the half fum of the two latitudes, 
log. fine of the half diff. of the two bititudes.. 


Ar. co. log. co-f. of the declination. 


— this arc and the half interval ; .and the half of 
this diff. is half the time fremnoon, when the greater altitude was taken, or. 
half their ſum is the time from noon, when the leſs altitude was taken. 

Ata. Add together the three following logarithms, : 
log. co-fine of the declination. ; >. 
log. co-ſine of the latitude by account. res 
Twice log. line of half the time from noon, in degrees. den 


— 


7 Rejefing the dens i the ſum of che indices in this and the follows 
logarithmic work. Seek 


1 
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Seek the number to the logarithm of the ſum, then that number 
Joubled is a number, called the correction; which being added to the 
natural fine of that obſerved altitude, haif the time of which from noon 
was taken, gives the natural fine of the mer. alt. which is by it known: 
and hence the lat. is known by Problem I. | 


71. AE REMARKS 
But to know if the latitude thus found is accurate, make a ſecond obe- 
ration. Thus, Wee f 5 Fake 
| Teo the ſum of the firſt four logs. uſed in the ad article of the rule, add 
the ar. co. log. co-ſine of the latitude found by article 4th. The ſum is ns 
the log. fine of an arc, „ 1 
Work by the 3d and 4th articles, for a corrected latitude ; and if it 
comes out the ſame, within a minute or two, as that found by the firſt 
operation, it - bon eſteemed the true latitude, | "i 
Or, if the difference between the reſults of the two operations do not ex- el 
ceed about $th of the difference between the latitude aſſumed, and that 
firſt found, the laſt reſult may be accounted ſufficiently correct. 
But if the difference between the reſults of both operations is much 
pong than the ſaid th part, then a third operation with the laſt found 
itude will generally give the latitude exact enough. 


— * 41 —— — r PP = — — — ——ꝓ— — 
* 4* — 
— LI 


2 * 4 * + A " 2 
ͤͥͤ Ü1o.ñ7; i˙ . TO. 8 
= i \ l N 0 — > - 
_ ; — 8 
— 2 
7 


£ : b * 
£3 * — - : 
b > J 2 — i 
7 —— pe 4 1 . * 
— * þ 15 
— — 22 
hoe GI eo b 4K — i 
4% £7 — — 


When the latitudes found by the firſt and ſecond operations have one | 
greater and one leſs than the Latitude by account; or if theſe latitudes | 
| found differ by a degree or more; then make a third operation with the . 1 
| half ſum, or mean, of theſe two. latitudes ; and if the latitude found dif- | FRE 
fers from the ſaid mean, half their ſum will generally give the latitude | | 
very near the truth, 3 | 
When both obſervations are made in the forenoon, or both in the af 
ternoon ; 5 | 3 —_— 
The half interval is half the difference of the times from noon : | 1 
And the firſt found arc is half the ſum of the times from noon. 1 | 
But when the obſervations are, one before, and the other after, noon; 9 
The interval is the ; ſum; and the firſt found arc is the & diff. of _ 
the times from noon, 5 3 | * 
The I diff. added to the 4 ſum gives the time of the obſervation far- 
And the 4 diff, taken from the g ſum gives the time of the obſerv, | 
72. The times of obſervation ſhould be taken to ſeconds, or at leaft to = 
quarters, or thirds of a minute of time. They are beſt when taken be- 1 
tween the times of gh. A. M. and 3h. P. M.? the interval of time be- = 
tween the obſervations ought not to exceed five hours, nor be much leſs 10 
than the time from noon at the taking of the greateſt altitude: in general 15 
the interval ſhould not be much leſs than about + of an hour. N 1 
73. This problem is beſt ſuited to ſituations, where the Sun's meri- bl 
dian zenith diſtance is not much leſs than half the latitude : for in lati- | 
tudes where the Sun approaches near to the zenith, the obſervations are 
to be taken much nearer to noon ; and the rule inſtead of approximating, 
will in ſome caſes give the reſults of ſucceſſive operations wider and wider 
from the truth ; in ſuch caſes it is — apply Prob. II. 
* | Fa 


74. About 
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74. About the year 1740, Mr. Jahn Douwes, a mathematician at 
Amfterdam, and examiner of the marine cadets there, firſt communicated 
to the ſea officers of Holland a ſolution of this problem, by the help of a 
ſet of ſolar tables which he had computed for that purpoſe. Manuſcript 
copies coming into the hands of ſeveral Engliſh officers, who held the 
method in high eſteem, it was in the autumn of the year 1759 publiſhed, 
without any demonſtration ; but one has fince been given by ſeveral per. 
ſons. In particular Dr. Pemberton communicated to the Royal Society 
the whole compoſition, and ſhewed the limits, or where the method di- 
verges, together with other uſeful particulars. This curious paper of 
the Dodtor's was publiſhed in the Philoſophical Tranſactions for the year 
1760. | 
"Mt. Douwes's tables ' conſiſt of four columns; in the firſt column 
ſtands the time to every half minute, extended to fix hours: the ſecond 
column, called half the lapſed time, contains the arithmetical complement 
of the logarithmic fines of the degrees correſponding to the times they 
Rand againſt, in the firſt column: the third column, called middle times, 
are the logarithms of twice the natural fines of the times, in degrees, 
which they ſtand againſt : and in the fourth column are the logarithmic 
verſed fines of the times, in degrees, they ſtand againſt, But the pre- 
ceding ſolution requires no other tables than ſuch as are in the common 
books of navigation T, 


Exane. I. At 9h. 18m. and at 11h. 30m. by a watch, the Sun's alti- 
tudes were reſpectiuely 8* 37% and 16 34“; the Sun's declination was 22? 
23S.; and the latitude by account 50* 40'N. : Required the true latitude. 


VVV 1 
* — 2h. . altitudes 1 * 34 nat. fine 028514. 


— wiwä——„— 


A ene. 


1 216 30 2) — — 
9 diff. times : 5 . 7. 362 3 581 diff. alts. 
V ſum alts. 2 352 9.93942 |Ls, declinat. =22* 235' 996598 
1, diff. alts. = 3 584 8,84041 |Ls, latitude =50 40 9,80197 
17, diff.times=16 30 0, 54666 „ 13, 82317 
＋ Y, declinat. 222 23 „„ ad rand 43F 2 8,82317 
L's, latitude go 40 , 19803 f, 4 correct. , 7340 
3 . Correction =—,00494 to be added. 
* ws” 3 9.60854 nat. , of 1634 ,28514 great alt. 
| an Je, merid. alt, =,2g008 16552 
5 Meridional zenith diſtance 73 8 8. 
273 * Declination ye 22 23 8. 


| | 7 
Its half = 3 432at. from noon. True latitude 50 45 N. 


. * 


6— 


— 


* Among the ſeveral publications of theſe ſolar tables, the moſt extenſive 
and uſcful is in the Nautical Almanac for the year 1771, ut 


EXA f. 
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Ex AM. II. Mt 12h. 12 m. and at 3 h. 20m. by a watch, the Sun's alti- 
eudes were 56* 447, and 30% 414' reſpectively ; the Sun's declination was 
19* 48' S. and the latitude, by dead reckoning, 13˙ 14 Ne: Required the 
true latitude. 5 


121 zm 0 5 56 44 nat. fine o, 83615. 
3 20 13* 8 m. ?“; altitudes 30 2 


— 


half diff, times =23* 30 2 | e 
. 13 14 diff. altitudes. 


1e, 2 ſum alts. = 43 4 9,85900| Ls, declinat. = 
1 =13 1+ 9,3529017, latitude = 13 14 998831 
L's, 4 diff. times = 23 30 o, 39930 wo 17 80 

17, declination = 19 48 0,02047 * 16 
Ls, latitude =13 14 9,0169 


26 3 


L, + correct. =,000623z 6, 79444 


LS, an are = 26 291 9,64936 
„ Correction 
— 5, great alt, = 
2 597 1 4 
. 45 merid. alt. 
= 1 293 tim. fr. n. Merid. zenith « ==33 
— UDbeclination =19 488. 


True lattude iz 20 N. 

Exam. III. Required the latitude of a place from the following abſerua- 
tions made with a regulated watch and a Hadley's quadrant, 

Altitude 41* 53/ at gh. 28m. A. M. Iz n 8. 

Altitude + 8 4 M. Interval 4h. 3am. g. 


F 86 4 2 23:==8 ſum of the altitudes: declination 19 12* N. 
I 30;== diff. altitudes : lat. by account 59 ON. 


3 | 
Ls, 4 ſum alts. = 43% 23% 9,86134]Ls, declinat. = 199% 12 514. 
Ls, z — alts. = 1 305 8, 42030 Ls, latitude — 4 o + 14454 
L's, ſum times = 34 © 0225244 . * 1252 
2%, declinat, = — 12 peg > 2155 1 * == 24 59 2 
Ls, latitude 2 59 © 0, 28816 | | 
| L, & correction = ,03251 8,51202 


L', 2 diff, times = 1 8,847 11 


\ | Correction = 06 o2 to be added. 
4 noon at 1ſt alt. 38 2==ah. 32+ m. a, altitude 44 — 1 
4 noon at ad alt. 29 58 rh. 59 52 5 | 

Is, merid. altitude ,77091==5c0 26 


Hence the latitude =58 46 N. 


1 
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Exam. IV. Being by my dead reckoning in lat 30* 30! M. the decling. 
tion being 10* 24/3 the Sun's altitude in th: forencon was 61* 47, and x 


| —— > 4h in the afternoon, his altitude was 30* 5H: —— the * 


The interval, or diff. of des TY end 61® 47 nat. fine ,88117 
diff. time ah. 30m. 37" 30. | G { 36 5% | 

97 52 
-; 2— | 

25 412 


1, 4 ſum alts. == 48 56 9,81750| Ls, deelinat. == 10% 27 9,99280 

21 alts. = 12 51 9.347130, latitude * = 30 30 993532 

L's, = diff. times = 37 30 O,21555| 13 | © 9,201 

17, declinat. = 10 24 — R * 32655 

17, latitude == 30 30 0,06468] 1 
w—— | correct. = 02828 8.48142 

1 4 ſum times = 16 2 942 

à noon at it alt.= 21 de — = 85117 


A noon at ad. alt. 55 zh. 35 fm. 5, merid. altitude * 

— * | Merid. nenich diſtance | 20 104 
ft altitude, at ich. * min. Sun's declination ==10 24 N. 
2d altitude, at 35. — | | N 


sum of the iſt four logs. 9, 387 38 ff, declinat. == 10 24 9, 99280 
L's, new lat. is 30 44 0,6573 Ls, new lat. == 30 44 9,93427 


972 2265 
Ls, 4 ſam times 16 30 9.45371 11 * 18750 


— — 


A noon at iſt alt, = 21 o==rh. 24m. , + corre, 2808 " B44853 
3 noon at ad alt. = 54 o==3h. 36m. 


3ſt aldende at Ich. 36m. A. M. | Corre&ion ==,05616 ts ed. 
2 1 3h. 36m. P. M. 46/8 8117 - 
FA 


merid, alt, er a. 
une dc tre binde will e $09 4. 


Fock IKT DAYS WORKS. 279 


Exam. V. Being by account in latitnde 16 20/ 8. and the Sun's decli- - 


a 22 40 S.; at 8* 31 44% farenoon, the altitude of the Sun's center 


Times 1217 74 | Alte. 70 26 Nat fine = 094225 
49 38 
446 =71%30'3 in $=35% at. 111 43 K ſum = 55* * 


| 29 48; x diff. bg. 
175 N ſum alts. —— 1 9.75276 Los declination = 22*® T OG 
15 2 diff. alts. 214 54 9,41016 LS, latitude = 16 20 998211 
1+, K ſum times =35 4 8334 f leaſt time = 9 43 9,2731 
LF, declination —22 0,03534 Lys, % lea time = E 43 9.22731 


LY, latitude =16 20 901789 
| — 8,401 _— 


Lots 2 £ diff, times =16 _ Mt 9.4495 | — — — 
— . 2 ==,05040 to be added. added. 
Leaſt time =19 26, its +229%43". N. gr. alt. 294225 


| | 
bt. mera ==,99265 =8e® o 
j Mer. zenith diſtance 6 57 8. 
Sun's declination 22 48 8. 
1 — . — 

1 Latitude 15 51 i 

Second 4 „ 

Sum of the four firſt logs. 9,43 166. , decl. = 22 48 9.96466 
L's, latitude =15 31 8,0168377, latiude = 15 51 9,8377 
L,', + leaſt ime = 9 32 99227 49 


Lap 4 4 diff. times 216 184 9.44849 L*. 2 leaſt time — 43 _ 22749 
5 N 
| . Ls Ne correct. a 


Len tne ho =19 264,itst=9*43F 
ö —— whe added. 
NN. „, gr. Ret 84225 


N. , mer. alt. 259925 1=83® 07”. 
Hence th true Iatrude may be taken at 15 55" 8. 
Suppoſe the latitude, declination, and altitudes the [ame as above ; but the 
times had been at 8b 31" 44% and 10 42 16* in the forencon; or at 1 
I7® 44* and 36 28" 16* in the afternoon ; to carreft the | tude by accounts 
Times 10h 42 16 os 28% 165 „ 
r 44 


was 405 39 ; and 47 1 40 P. M. its cltitude was 70˙ 26' KR. 


>= 2 ** 
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230 


Time 100 31 48 


7 25 40 5 22 mY 
Interval | 3 6 e 23 its . 16 86 10; 43 05=z ſum alt 
2 
&. : 3 41 103 20 35=2 diff. alto. 
2's, 4 ſum alts. =43* os” 56z5al es declinat. 3 48 9,9646 
"Ls, + diff. alts. 20 5 9.545010 1, latitude” = 7 20 9.99643 
Ls, x diff. imes 23 1 0,40339| L,, 37 time. — 11 14 9.28157 
L's, declination = 22 48 0,03533|L,,*1. time * = 11 11 2.28157 
** declination | __ 75 20 37003571, N* correct. , o3344 3, 52424 
: ride Correftion Ses 
Leaſt tim. a noofi= 22 3, it zZ IIe“ N. as merid. al. S551 27. 
1 e . Mer. zen. diſt. .=1; 3N 
| Dieclination „ 
Ws Latitude == 7 82K. 
Second Operation. 
_ of — logs. 9, 848271, decl. = 22 48“ 9.96457 
'» latitude | 7* 11 800342 L,, latitude = 17 11 999058 
—— Ly, K l. time = 11 o 9.28108 
Ls, = ſum times 45 172 9585169 Lay l. time = 0 OF 9g,28108 
2 diff. times 23 16 — No + correct. 2333 8,52341 
Leaſt time a noon 22 12.itsz = 110 d == | 
3 IN. i, mer. alt. 297==74* 21'. 
Hence the latitude F; N. * 


If the altitude had been at 1b 28" 


: the latitude would have been the ſame. 


But had the times been at 7 25 


ternoon: or, at 10* 31* 48* forenoon, and at 4* 
the ſame altitudes, declination, and latitude, by account, to correct the 


latitude. 
Times 130 28 12% : 
7 25 40 


1 2 32 ſum of the times 


1 16=4 


I9 


* 


1 


4 
Then the | of 4 ing 


45 
of 23 16/, the 


ths fame; 


% 


Exam. VI. Wanting to go through the 8 N. channel 
dives, and being by account in lat. 7 20 N. with 22 48 
7 253" forenoon, I found the true altitude F the Sun's center was 22%. 
and at 10 314" its altitude was 63˙ 49 : Required the Jhip*s true latitud,, 


of theſe five logs. will be the log, 
difference of the times; and, conſequently, the leaſt time will be the ſame 
as in the former 3 the e reſuls for the e will be 


Bock Ix, 


— the Mal. 
N. declination, at 


Alts 63* 40 N., 49625 


12˙ and at 434" 20% both . 
40 forenoon, and at 1 28" 12* af- 
34 20* afternoon, with 


8 ©: 


Or 165 34" 20 
"Wa. 
6 2 32 


aſed for the third . inſtead of that 


29? 16/, the balf 


: 
"=. 


Bock IX. 
EXAM. VII. Wanting 


16/ ; our 
Requires the ſhip*s true latitude. 


3 4p=40% its * 


1 


+. fam alt way 9.89425 


1.5 a 2 diff. alts. =13 53 9,38011 
Ls 2 4 interval 223 © o, 408121. 

. N — 4 =23 © 0,03597 

5, latitude ==49 12 0,18481 

: oy ſam.times=53 og 9.0326 


—ů—— — 


| Laſt time A Oz 91 f 8184 
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to male the Englib Channel, I obſerved the trus 
altitude of the Sun's * 24 30, and P 4” after, its 
itude by account was 49" 127 


itude was - 
and the Sun's declination 235 


ad alt 2* 16' Nat. fine 7908 
K 24 30 — | 


176 46 382 27 


27 46113 53 
1, declination= 23 © 
he. latitude == 49 12 


L 
L 4 leaſt time = 15 4 9 


L, No 4 correct. =04069 
Correction 98137 


A227 
N.s, mer. alt. =87224=608 43 


Ten. dit=29 x7 


nb C SAC Decl==23 © 
FEES Latitude 52 17 
3 Second Operation, Logs ag 
Sum of four firſt logs. 9,71845| L, decl. = 230 of 9,96403 
%, latitude = 52* 17 21342 N 2 17 9.78058 
TY; times= 8 Fiz., ume 2 i 52 4868 
Fol 4 2 23 2 + 9 93? 11 + Il. time =>17 32 9.43686 
Leaſt time à noon 35 Il, its 1 Ne f correct. =05301 $,72453 
Latitude 52 17 firſt found. n 
| Latitude 49 15 ſecond found.| 79097 
101 32 * 6 Zen. di 5 26 Ig | 
1 Decl. 23 0 
Mean latitude” ah 2 | Latitude 79 75 
a oy Third Operation. 5 1 8 | 
um of four firſt hows: 971845 „ del =245% of 
, latitude = 50 46 , 19895 , latitude — — | ——— 
Lot # leaſt time =16 23 945034 
16 fm 6e 55 46 9:91740 n leaſt time —=16 23 9.45035 
8 * 2 9 PE ere * 3,6577 
Leaſt t. ds 32 33 a 221623 i. 
YN 


* 
— 
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In the preceding Problem it was ſuppoſed that both the altitudes 
taken at the ſame place; but as this can ſeldom happen at ea, it is ne 
 ceffary to ſhew how the latitude may be obtained when the altitudes ar 
' obſerved at two different, but not very diſtant places. 


- PROBLEM VII. 


Given the latitude by account, the Sun's declination, two obſerved all. 
tudes, the interval of time, and the courſe and diſtance run, between the ab. 
ſervations ; to find the latitude correſponaing with the noon of that day. 


>. a+ SSACTTLIO 3 
_ It, Find the latitude by account at the time, when the greater alti. 
tude was taken. - | Tr LS 
2d. Let the hearing of the Sun be taken by the compaſs at the inftant 
when the leaſt altitude was obſerved, and take the difference between that 
bearing and the ſhip's courſe by compass. 
3d. With this angle, or its ſupplement, if more than go degrees, and 
the diſtance run by the ſhip between the obſervations, find the difference 
of latitude in the traverſe table. | 
41h. This difference of latitude muſt be added to the firſt altitude, if 
the angle hetween the Sun and ſhip's tract be leſs than go“; but it muſt 
be ſubtracted from it, if that angle be greater than 90, to, give the firſt 
altitude, as it would have been found, if it had been obſerved at the fame 


o 


Itch. With theſe altitudes (thus reduced to the ſame zenith), the ob- 
| ſerved interval of time, together with the declination. and, the latitude by 
account, at the greateſt altitude, find the meridian altitude by the pre- 
ceding problem ; and hence the latitude will be obtained for the time, 
when the greater altitude was obſerved. „„ 
Sth. If the latitude be required for noon, with the courſes run by the 
ſhip, correted for variation of the compaſs and lee-way (32, 35,) and 
her diftance run by the log. find the difference of latitude made good 
from the time when the greater altitude was obſerved at noon ; which 
being applied to the latitude, found above, at the time of the greater alti- 

tude, will give the latitude at noon. 


RzMARK. If the Sun's bearing could be taken with ſufficient accu- 
racy at either obſer vation, it would render the other obſervation uſeleſs; 
for, with the azimuth, the polar diſtance and the zenith diſtance, taken 
at any time, the latitude and hour from noon may be found, But al- 
ugh the Sun's azimuth cannot be obſerved with ſufficient 
for this purpoſe, it may for obtaining the correction to be applied to one 
of the altitudes to reduce it to what it would have been found, if it had 
been taken where the other was. For the ſmall error incident to the 
correction of the zenith diſtance, by being computed from an azimuth 
 ſorhewhat erroneous, will bear totthe error in that azimuth, a ratio but 
tile different from that of the fine of the diſtance run by the ſhip to the 
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co-ſecant of the angle which the ſhip's caurſe makes with the azimuth 
circle that the Sun was on *. Or, inſtead of obſerving the ſun's azimuth, 
+ may be computed from the latitude by account, fufficiently exact for 
the purpoſe of obtaining this correction, as was propoſed by Dr. Pem- 
ton. 
beree, In the ſecond operation of the Examples to the VIth and VIIth 
Problems, the arith. comp“ of the co-ſine of the latitude is added to the 
ſum of the four firſt logarithms, according to the precept in Problem VI. 
by which means the conformity of the ſecond operations with the firſt is 


expreſsly ſhewn ; the fame lagarithm would be * 
Tae the e of the latinede from the ford fam. * 


ExAM. I. Suiling S. E. 11 knots an hour, — the 19s 
altitude of the Sun's center was 52 2/, and bis bearing was S. 60˙ 30' E. 
and at 11h 24”, bis altitude wae 635 45; the latitude by account at this 
time being 48” 46 NM. and the Sun's declination 23 200 M. Required the 
latitude at the time when the latter altitude was obſerved. 


Now 11h. 24m.—gh. 36m. Th. 48m. is the interval of time. 

And ih. : rh. 48m. : : 11kn. : 20kn. nearly the diſt. run in Ih. 48m. 

Alſo 50 30/ the Sun's rhumb, leſſened by 45* the —— leaves 
15? 3O' for the diff. of rhumbs. 

Then with the courſe 15* 30/, and dift. acm. the diff. lat. is 19m. 

And 52* 7 $19/=52* 210 for the leſſer altitude corrected ; or fitted to 
the zenith where the greate®t alticqude was taken. 


Now ih. 48m. = 27 & , Alts. 63e 45 N. 8. 
half interval == 13 30 r N. S. 1 


Ls ſum alts. = 58% 03 l declin. 2; 20 996294 

1 T5 3.99704 L lat. ==43 46 9,1897 

L's diff. times = 13 1 o, 63182 L, 4 l. time = 4 10 8, 86 128 

L © declination = 23 20 0,3706 1, 4 l. time = 4 10 3, 86128 

bs == 48 46 , 18103 f. Ne 4 corr. =,003195 7.50447 

E Correction = ,00639 
— 50 Ire IR = 29 


N. mer. alt. =90326 = 


mer. zen, dit, 33 259. 
Declin. 23 2oN. 20 N. 
=". -  _— 


e the lat. 48* 45 e 2 minute from the 


— — — anti — . — K— ; 


2 e Karin Mins, Ind, Tes 24 
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Exam. II. Being by account in latitude 51* G, N. when the Sur; . 
clination war 22 27 s. 3 at oh. 18m. A. AM. the Sun's altitude Was & 
37, when be bore S. 36 45' E.; and having run NW. b. V. eight inm 

an hour, at 10h. 40m. the Sun's altitude was 14 46' ; Required the latityg, 
at the time when the ſecond obſeruation was taken, | 


Here the obſerved difference of time is Ih. 22m. 5 
Now th. : th. 22m. : : Skn.:: 11nk. nearly the diſt, run betw. the ob; 
Here the Sun's rhumb. is S. 3645 Ef. | 
And the ſhip's rhumb, is N. 56 15 W. 5 
The angle comprehended between them is 160 30%. | 
Its ſupplement is 19 30', which as a courſe, with the diff. 11, give; 
10k for a diff. lat. #5 , 
And the ſhip running northward from the Sun leſſens the altitude. 
Then 8* 374/—104'=8* 27/ is the alt. to be uſed at the ad obſervation, 


ich. 400] interyal—1h. 22am. 20 300. % f 14 46 2 ſum = 11* 362, 
18 half * times O 15 * | iff. = : 
17, 4 ſum alts. = 11* 36% 9,99102| Ls, declination 22* 25 9,9698 
LS, 5 diff. alts. 3 gf 8,74711} Ls, latitude 51 6 _ 
7. $ diff. times 10 15 , 0.74972 z ume. 10 37 8.5307; 
1 J, declination= 22 23 0©,03402], SE a 

17, latitude = 51 6 ©,20207| L, & correction ,o1g7o5 8, 29466 


— — — 


rn 4 ſum times = 31 29 9.74794 Correction ,03941 5 
5 —— Nat. ſine 25488 of 14 46' 
— — 4 


Leaſt time 21 14 from noon. | | — 
. : 5, of 17% 077 229429 merid alt. 
And 72 53==merid. zen. diſtance, 


Then 72% zj ar- 23/=50 30 N. is the adde. Ce. 
Sum of the four firſt logs. 9,5 1887 Ls, declination 2223 9.96598 


J, latitude 50% 300 0, 19549 15, latitude = 50 30 9,0351 
| — — 2Ls, + leaſt time 10 24 8,51305 


1 4 ſum times 31 34 971236 : — 
"om — — L, correction , 0191653 3, 28954 


Then the correction o, O38 33· L. OG 5488 the vat. fine of 145 46/ gives 
©,29321 the nat. {ine of 17 o the merid. alt. and the merid. zen. diſt. 
272 57 OE | 

F herefore the latitude will be 50* 34 N. 

And by n__ third operation, the latitude ſought will be found ta 
be 50 34 N. ſame to a mile as it was before. 


r IRS : | ExAM» 
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ELAN. II. Running with a briſk gale ten knots an bour, on a V. 8. W. 
courſe 3 af 10 36n 1 1 3 the altitude of the Sun's center was obſerved ta 
1 61* 775 at 3 36 P. M. his altitude was again found to be 36? 
5, and his bearing 8. Bo 30/ W. by our account, the latitude at 10 36= 


was 3o* N. and the Sun's declination 10? 24 N. Required the latitude 
at the time of the fir obſervation. 

Here the obſerved difference of time is five hours. 

And Ih: 5h: : rtokn : 50kn. the diſtancerun between the obſervations.” 

When, as in this caſe, the Sun's bearing is taken at the ſecond. ob- 
| ſervation, the oppoſite point to the ſhip's courſe muſt be uſed in reducing 
that altitude to the ſame fituation with the firſt. 

Now the Sun's rhumb is S. 80 30/ W. or N. 80 30/ E. 

And the oppoſite point to the ſhip's courſe, is N. 67 30 E. 

Their diff. is 13 08/, which as a courſe, with the diſt. 50, gives dig, 


1. 49" Then 3& 5—49'=35 16. 
Ten 36 5 '—49=35* 16 is the corrected alt. for the ad obſervation, 


To find the latitude by Problem VII. 
Interval gh. =75* % Alts. 6147 E ſum alts. =48* 317. 
1 Interval ==37 30 35 16 L diff, alts. =143 15>. og. 
17, 4 ſum alta. 317 9,82 105 L,, deel. = 10024 9,9928 
Ls, 1 diff. alts. =13 155 9, 36048 1, latitude = 30 © 993753 
L's, | ſum tunes==37 30 o, 21555. f time = 10 14 9,2495 
LY, decl. ==10 24 o, 0 19, 4 time = 10 14 9,24958 


L'?, latitude  =30 © ©,0024711,, No corr. =0,0263885 84295 
Li, f diff. times =17 2 9.4567 N. „ of 35 2 
Lea. time à non 20 28; u. 104 | 2 31® 11 7. UN. 460 


By a 24 operation the latitude will „ N. by a 
3d 310 300 N., and by a 4th 31* 3 N. 

By working with the latitude — 41', which the ſhip was in at the 2d 
obſervation, the final reſult will be the fame, as is ſhewn in the following 
practical form of placing the work of theſe ages cok 949427 is the 
ſum of the four firſt logarithms. 


. Dee. © 10 24 Decl. 10 24 Decl. 142 24 


Latitude 31 6] Latitude 57 26} Latitude 31 30 N. 
| Ex Ak. 
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Exam. IV. 20, 1790, Jeing by account in latitude 
longitude 64* W. at 7h. 32m. and at 10h, 28m. fore, by fore obſerva; 
the altitudes of the Sun's lower limb, were 29" 477", and 49* 524; 47 
his bearing A 80˙ E. the eye 20 feet above the water, ang f. 
Tune. > 4 ct on @ courſe 8. 50 E., 
Required t 


56* 300 


ations, 


mid-day latitude. 


Now ſhip time 105 37 P. M. T 10 W. 23 58", Or, 1 584.1 
London. (57.) 
Or, 22 28" P.M. + 4* 16 W. aA Or, 2* 4% P. M. Lond. time. 


The Sun's declination fitted to theſe times, are 20 8/, and 205 ) * 1. 


2 49 52 45 


50 9&5 

4 5 

50 4 5® 

8 4 2 

3 «. 

Now the interval is 2 $6". And 1: * 56" : : Bin"! 23kn: the dil. 
tance run. 


Wich the courſe 8. 50 E. and diſtance 23" the diff. lat. is 15”, 
Then 56* 30 + * =56*45/ the latitude in at ſecond obſervation. 
between 


Again. The difference the Sun's bearing N. 80 E. and the 
ſhip's courſe N. 130* wes 50˙. 
And with the courſe 50 and diſt. 23” the diff. lat. is 15”. 


o 29˙ 58'+ 15'=30* 1 the corrected alt. at 1ft obſervation, 


The interval = 2" 56*%=44* Alt. 3 # | 3 ſam alts.=240® 0 
Its half =22 jo U PEN 


9973245 4 25 104 


9+ 17426 22 
1 740 6 107 


5032 
80207 
53 20 


: 6 
Declination — 9 | 
Latitude 56 48} 
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git th ba- zs ag, and hs declination ar 7 


ſervation. | 
| | Second Operation. 


9,97266 9.57354 
9.739010, 26215 
9.73081 — 


0,027 34 | 9,7 308 I [9.83569 |: 
o, õ e 9.17329 43* 14 

9.83453 44904 22 

43908 Cor. ,29808| 65 14 

22 00 * 550327 * 

—_ ũ 3 32 37 
53216 | . 
36 44N.| Merid. alt. 
20 07 8 33 
„ | Zen. dift. 
56 518. Declination 


| Laa 35 50 8. 
Hence i it appears, that in the conch of ſuch examples as the preceding, 
it is almoſt indifferent, whether the latitude by account and declination 

relates to the obſervation neareſt to noon, or fartheſt from noon. How- 

ever, for the ſake of uniformity, it may be recommended to uſe the lati- 
rd, the dechnation) andthe natural fine which do all rela to the ſame 
itude. 

It will be ſhewn in the Appendix how this problem was confidered by 
| Facio; but his ſolution requiring too many trigonometrical operations ta 
be of ready uſe, the preceding method by approximation was ſubſtituted 
inſtead thereof. 


76, Mr. Richard Graham's method of ſolving this problem, publiſhed 
in the Philoſophical Tranſactions for the year 1734, N* 435, by a kind 
of inſtrumental operation, may indeed give the latitude within ſome 
minutes of the truth with eaſe and expedition: it is, in ſubſtance, as 
follows: * 
= Deſcription of the Inſtrument. 


To the meridian of a globe (properly divided) let a piece of a like 
meridian, called the beam compaſs, about 110 degrees long, and di- 
vided like the former, be fitted, and made to flide on the upper fide of 
the meridian *. umme. let two n Vernier 8 — be fitted to 


_  *® In Mr. Graham's LIEN made on purpoſe for this e the beam 
9 * under the meridian. 2 


3 
K 
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thoſe circles, dividing each degree into every five minutes. The 
compaſs muſt be ſo applied, that a pin, on which it turns as a 4 
and fixed exactly at o degrees, or one end of it, may paſs through a hole 
at the beginning of the diviſions of the Vernier which is to ſlide on the 
meridian, that pin ſerving as the center of motion of the beam compaſs, 
when the Vernier is ſcrewed to the meridian: the other Vernier is to 
flide on the beam compaſs, and carry with it a pointer, or index, at the 
beginning of its diviſions. 1 


mib this Inſtrument the problem is thus ſolved : 


At the time of the firſt obſervation, let the Sun's bearing be alſo ob. 

ſerved, and take the difference between the rhumbs on which the Sun 

was obſerved, and the rhumb on which the ſhip ſteered between the oh. 

ſervations: Then ſay, 5 3 95 | 

As radius isto the co-fine of that difference of rhumbs, ſo is the diſtance 

| | run between the obſervations, to the minutes of correction to be applied 

1 to the firſt zenith diſtance, and is to be added when the ſhip fails from 
" | the Sun, otherwiſe it is to be ſubtracted, 5 

Then flide the Vernier's ſcale on the meridian to the given declina- 
tion, and the Vernier on the beam compaſs to the firſt zenith diſtance as 
corrected, and let theſe ſcales be fixed by their ſcrews. Rectify the globe 

for noon (VI. 59), turn it till the hour- index points at the time of the 

firſt obſervation ; there hold the globe faſt, and move the beam compaſs on 
its center, nearly into the azimuth of the Sun at that obſervation, and de- 
ſcribe an arc on the globe with the pointer of the Vernier. 

Slide the Vernier on the beam compaſs to the ſecond obſerved zenith 
diſtance ; turn the globe (the proper way) till the hour-index points at 
the time of the ſecond obſervation ; there hold the globe faſt, and with 
the beam compaſs cut the former arc, their interſection will ſhew the 
place of the ſhip at the time of the ſecond obſervation : bring the meri- 
dian over that point, and the latitude is found ; alſo the hour-index wil 
point at the true time of the day when the laſt obſervation was made. 


Was 


SECTION 


4 
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derten 
77. To find the Longitude at Sea. 


If an accurate account could -be kept of the true courſes which a ſhip 
has ſteered, as directed by the compals, and of the diſtance ſhe has run, as 
meaſured by the log, or by any other contrivance; then both tne latitude 
and longitude of the place where the ſhip is at any time, would be known 
on ſettling the ſhip's account to that time. 2 25 ; 
For the courſe and diſtance being known, the difference of latitude and 
departure is readily found by the traverſe table; and the difference of lon- 
gitude being alſo found (VIII. 60), the true lat. and longitude are known. 
But as the ſhip's. motion is liable to be diſturbed from a variety of 


playing to the right and left round her center of gravity, and the unequal 
care of the helmſmen: and the diſtance failed being faulty, on ac ount of 


wind; unknown currents; ſudden ſtorms, and many other circumſtances, 
which ſeem impoſſible to be allowed for; her place, aſſigned by theſe 
means, may ö 
by finding the ſhip's latitude every day, if they can, by obſervations of 
the Sun or Stars; and if the latitude, found by their reckoning, agrees 
what that found by obſervation, it is preſumed that the ſhip's place is 
well determined: but if they diſagree, they conclude that the account of 
longitude ſtands in need of correction; the latitũde found by obſervation 
being always to be depended on. | | 5 
71 The error in the ſhip's reckoning is frequently attributed to un- 
known currents. For, from cauſes yet undetermined, there are many 
and various motions of the water in the open ſeas, as well as thoſe ob- 
ſerved near the ſhores, where the motions may be tolerably well ac- 
counted for. Some of the currents obſerved in the great ſeas may per- 
haps be owing to the tide's following the Moon, and to the libratory mo- 
tion which the waters may derive from thence ; and the unſettſed ſetting 
and drift of theſe currents may poſſibly depend on the change in the 


the trade-winds' occaſion a conſiderable current within their limits, par- 
ticularly within the Torrid Zone, where the motion is perpetually to- 
wards the weft, at the rate of 8 or 10 miles a day. But at the extremities 
of the trade-winds, or near the latitudes of 30 degrees north or ſouth, it 
is likely, that the currents are compounded of the ſaid weſtern motion, 
and of one toward the equator (by obſervation 2. Art. 84. B. VI.): 
therefore all ſhips, ſailing within theſe limits, ſhould allow. a courſe each 
day for this current. | 3 
Although ſome of the methods recommended for correcting a ſea 
reckoning are little better than gueſs-work, as it cannot be known with 
certainty whether the ſhip is to the eaſtward or weſtward of the point in 

which the reckoning places her; yet it was judged proper to introduce 
them here, as they may ſometimes be uſeful, 3 

Vo“. II. ; Z Methods 


cauſes, ſuch as, a continual deflection from the courſe ſet, by the ſhip's 


tumbling ſeas rolling with or againſt the ſhip ; the unſteadineſs of the 


uſtly be ſuſpected to be erroneous. Mariners judge of this 


Moon's declination. However, it is well known from obſervations, that 


31 
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Methods of Correfting the Reckening of Longitude. 
79. Mernop I. Men the error is ſuppoſed to happen from a curre:1t, 


Conſider whether the difference may not have been occaſioned by a 
current, and, if it is poſſible, try it (by Article 47, Book VII.); or make 
ſuch an eſtimate of its ſetting and drift, as may be judged reaſonable, 
Then with the ſetting and drift, as a courſe and diſtance, find the dif- 
ference of latitude and departure, with which increaſe or diminith the dead 
reckoning ; and if the Jatitude, thus corrected, agrees with the Jatitude 
by obſervation, the departure, thus corrected, may be ſafely taken as true, 
and ſo the ſhip's place determined with regard to longitude. | 


Exam. I. Suppoſe a ſhip in 24 hours finds by her dead reckoning, ſhe has 
made gb miles 7 def. lat. M, and 38 miles of departure V.; but by ob- 
ſer vation, finds her difference of latitude is 112, and on trial finds a current, 
which in 24 hours makes 16 miles of diff. lat. N, and 10 miles of depart. E.: 
A bat is the ſhip's departure? 


Diff. lat. by account 96 m. N. | Departure by account © 38 m. W. 
Diff. lat. by current 16 m. N. Departure by current 10 m. E. 
True diff. lat. 112 m. N. 28 m. W. 


| Here the dead reckoning corrected by the current gives the difference 
of latitude 112 miles, which is the fame as found by obſervation ; there- 
fore the departure 28 is taken as the true one. 5 


Ex AM. II. Yeflerday noon we were in latitude 36 1g' NM, and have 
| failed theſe 24 hours, 1/2. SE. AE. 55 m. 2d. NE. by N. 20m. 3d. MI. 

70 m. 4th. S. by W.XIW. z; n. and all the time in a current ſetting SSW. 
3 V. m. an hour: By an obſervation this day at nom, we were in latitude 


34 58' N. Required the tque departure the ſhip has made? 


TT xTols Toh Departed lat. 36 15 N. 
. |Dit.| N. | 8. E. W. n 


. 3449 42,5 = tes ERIN 
7 55 Ly "" 4 | Diff. lautude 1 17==77m. 
70 26,80 (64-7 Here the current being taken 
«| 20 19•1 58 into the account, produces 2 
15 12-8) | 7-7] diff. lat. by dead reckoning 
PE. Ron equal to that found by obſerva- 
want 3.6 53-0 [78,2 tion; and therefore the depar- 
lai. lat. * ture by the dead reckoning is 

| — 12 *P/24*| taken as the true departure. 


| — 
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80. Marnop II. When the error is thought to ariſe from the courſes and 


diftances. 


Tf die Jifcience of latitude is much more than the departure, or the 
direct courſe has been within three points of the meridian; it is moſt 
likely the error is in the diſtance, 

And if the departure i is much greater than the difference of latitude, 


or the dire& courſe is within three points of the parallel, or more than 


five points from the meridian, the error may be aſcribed to the courſe. 


But if the courſes are in general near the middle of the quadrant, the 


error may be either in the courſe, or in the diſtance, or in both. 

For, to cauſe an alteration in the difference of latitude, the firſt of theſe 
caſes requires à greater error in the courſe than can well be ſuppoſed to 
| have been committed; in the ſecond caſe, the diſtance muſt be ſo faulty 
as would ſcarce eſcape obſervation; and in the laſt, it is often doubtful 


whether to attribute the error to the courſe or diſtance; but it is uſually 


corrected | in both, 


$1, 8 . 


Mien, by the dead reckoning, the diff. Ls. is more than ance and a Bf t the 
departure: Or, which is the ſame, when the courſe is lefs than three points. 
RULE. To the diff. lat. and the departure by account, find the courſe. 


With this courle, and the marketed Uk lat. by obſervation, find the 


dif. of long. 


EXAM. Herd nom we were in lat. 39 18/ N., and by an olfervation 


are this day noon in lat. 37* 48 V.; our dead reckoning gives 116 miles of 
ſcuthing, and 64 miles of eaſting: Required the ſhip's true difference of lang. 


By the TRA VERSE TABI E. 


The diff. lat. 1 16, and the departure 64, gives the courſe 29 de 


The courſe 29 degrees, and the meridional diff. lat. by obſerv. 11 55 
gives the diff. long. 1 


3 Cas Il. 
I ben by the d:ad reckoning the departure is more than once and a baf the 
difference of latitude : or, the courſe is more than five points. 


RuLe. With the diff. of latitude by obſervation, and departure by ac- 
count, find the courſe and diitance. 


Wich the co-mid. latitude by obſervation, and depart. by account, find 
the diff. longitude. 


Exam. Yefterday noon we were in latitude 48? 520 N., and were to- day 


at noon in latitude 50* 18' M; our dead reckoning ſhews we have made 68 


miles of northing, an 112 miles of weſting:: Required the true — of 
» lengitude the ſhip has made. | 


By the Travers? TABII. = 


The diff. lat. 86 and departure 1 12, gives 524 for the courſe, and 122 
-2* latitude 40 and the departure miles 
| co-mid. ti P 2 112, ive 173 mil 
for difference 1 Ts 8 | 
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CASE III. 
When the difference of latitude and departure by account is nearly equal, or 
the direct courſe has been between three and five points of the meridian. 


RULE. With the diff. of latitude and departure by account, ſince the 


laſt obſervation, find the courſe. 


With this courſe, and the diff. of lat. by obſervation; find another de- 
parture. | | 

Take half the ſum of theſe two departures for the true one. 
With the true departure and diff. of lat. by obſervations, find the true 
courſe. x | | : 
Wich the true courſe and meridional diff. of lat. by obſervation, find 
the diff. of longitude. 5 | : 

Exam. The laſt 24 hours we have made 84, miles of northing, and 76 of 
eaſting ; we were yeſterday noon in latitude 52 40“ N., and are this noon in 


latitude 54" 22 N. : What difference of longitude has the ſhip made? 


3 By che TRA VERSE TABLE. | 
To the diff. latitude 84 and departure 76, the courſe is 425. : 
With the courfe 42% and diff. iat. by obſerv. 102, find the departure 91,8. 
The ſum. of the two departures 76 and 91, 8 is 167,8, its half is 83,9. 
With dep. 83,9, and diff. of lat. by obferv. 102, find the courſe 39% 
With this courſe and 171,6, the merid. diff. of lat. find 139, the diff. 
long. = "2 
: $ Dr. Halley, having collected a great multitude of obſervations 


made on the variation of the needle in many parts of the world, was 
enabled, by the help of the latitudes and longitudes of the places of thoſe 


obſervations, to draw certain lines on a Mercator's chart, ſhewing the va- 
riation of the compaſs in all the places over which they paſſed, in the year 
1700 the time he publiſhed the firſt chart of this kind, called the Varia- 


tion Chart. Conſequently, the longitude of any of thoſe places could be 


found by the chart, having its latitude and the variation of the needle in 
that place given. | | 
85. MeTrop III. To find the longitude at ſea by the variation chart. 
Find the variation of the compaſs : for which ſee Article 28. 
Draw a parallel of lat. on the chart through the lat. found by obſerv. 
And the point where it cuts the curved line, which is marked with the 
variation that was obſerved, will be the ſhip's place. 
Exam. A ſhip finds, by a goad obſervation, that ſbe is in the latitude of 
18 20' N.; and that the variation of the compaſs is 4 weſt : Required the 


5 ſhip's place. 


Lay a ruler over 18, 20 N. parallel to the equator, and the point where 
its edge cuts the curve of 4% welt variation, gives the ſhip's place, which 
will be found in about longitude 27* 10” weſt from London. 

80. This method is attended with two inconveniencies. 

Firſt, That wherever the variation lines run eaſt or weſt, or nearly 
ſo, this way of finding the longitude becomes imperfect. But this im- 
perfection 15 at preſent found chiefly on the weſt coaſts of Europe, be- 
tween the latitudes of 45% and 53*; on the eaſtern ſhores of North 


America, and in ſome parts of the Weſtern Ocean and Hudſon's Bay; 


there- 


W 


therefore, for the other parts of the world, a variation chart may be 
eſteemed of great uſe. 5 | | 

87. But the variation curves, even where they run eaſt and weſt, may 
be ſometimes applied to good uſe in correcting the latitude, when meridian 
obſervations cannot be had, as it frequently happens on the northern coaſts 
of America, in the Weſtern Ocean, and about Newfoundland. For if the 
variation can be obtained exactly, the eaſt and weſt curve anſwering to 
that variation on the chart will ſhew the latitude. | | 

Secondly, As the deflection of the magnetical meridian from the true 
one is ſubject to continual alteration, a chart to which the variation lines 
are ſuited for any year, muſt in time become uſeleſs, unleſs new lines, 
ſhewing the ſtate of the variation at that time, be drawn on that chart. 
But as the change in che variation is very flow, if new variation charts 
were publiſhed every ſeven or eight years, it would fully anſwer the pur- 
poſe wanted. . 

88. Notwithſtanding the great uſe which Dr. Halley's Variation Chart 
afforded to moſt mariners, yet it has been almoſt uſeleſs, for want of public 
ry” a ox renew it from time to time. However, in the year 
1746, Mr. William Mountaine, F. R. S. and Mr. James Dodſon, pub- 
- liſhed a new Variation Chart, fitted for that year, which was well re- 
ceived ; and ſeveral inſtances of its great utility having been communi- 
cated to them, they drew the Variation lines again for the year 1756, and 
the year following publiſhed the third Variation Chart. They alio pre- 
ſented to the Royal Society a curious paper concerning the variation of 
the magnetic needle, with a ſet of tables annexed, containing he re ult 
of upwards of fifty thouſand obſervations, in fix periodical reviews, from 
the year 1700 to 1756, incluſive, and adapted to every five degrees f la- 


titude and longitude, in the more frequented oceans: which paper and 


tables were printed in the Society's Tranſactions for the year 757 
The engraving of new plates on every publication of ſuch charts, is a 
charge too great for private perſens to incur ; and ſhould, like the N uti- 
cal Almanac, be done at the expence of the public; eſpecially as tue uſe 
of it is ſo eaſy, and ſo well ſuited to the knowledge and time of mariners 
in general. EO, | 


89. Ma rnOD IV. To find the longitude by the help of a perfeft time-heeper, 
nien mechanical ſolution of the following problem. | 


The time in any unknown place, relative to the meridian of that place, being 
given, to find what o'clock it is, at that inſtant, under the meridian of ſome 
*nawn place; ſuppoſe London or Greenwich. : 


If a clock or watch were ſo contrived, as to go uniformly in all ſeaſons 
and in all places; ſuch a watch, being regulated to London or Greenwich 
time, would ſhew always the time of the day at London or Greenwich : 
then the time of the day under any other meridian being found, the dif- 
ference between that time and the London or Greenwich tune corre- 
ſponding to it, would give the difference of longitude. 
90. That very excellent artift, Mr. Fobn Harriſon, after more -- 
| Te Rh Z 3 irty 
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thirty years cloſe attention to this ſubject, has diſcovered many curious 
inventions to remove the irregularities to which all watch and clock. 
work were liable, 'that were conſtructed by the common methods. His 
inventions are fo extraordinary, and ſeem ſo well adapted to remove the 
imperfections of clocks, that the cymmiſſioners for the longitude granted 
him ſome conſiderable gratuities to enable him to bring his notions to the 
deſired perfection. Experiments of his watch were made in the latter 
end of the year 1761, and in the beginning of the year 1262, between 
| Portſmouth and Jamaica; and although the xefult did not fully come up 
| to the wiſhes of the public, yet it proved ſufficient to induce the com- 
| mithoners to enable Mr. Harriſon to make a ſecond trial, between Portſ- 
mouth and Barbadoes ; which ſucceeded fo well, that the commiſſioners 
of longitude ordered him the ſum of 1c,000 pounds, upon his diſcloſing 
the mechaniſm of his W aTcHn, to a number of proper perſons appointed 
to receive his communications; which have fince been publiſhed, and 
watches of a fimilar conſtruction have been made by other artiſts, which 
have ſucceeded equally with that which had been made by the inventor 
himſelf. Mr. Harriſon has even improved his former works; and it is 
probable, that ſuch watches may hereafter become more common, and be 
afforded for leſs than 100l. or a fourth part of their preſent value. : 
But to whatever degree of perfection ſuch a movement may be brought, 
yet as every mechanic inſtrument muſt be liable to be injured by various 
accidents, 1t is certainly to be wiſhed, that aſtronomical methods could be 
alſo ſo ſar improved, that the marine artiſt might be enabled to find his 
longitude from time to time with ſufficient exactneſs by celeſtial obſer- 
vations. i | 
91. Various aſtronomical methods haye been propoſed for finding the 
longitude at ſea, ſome of which will hereafter be mentioned, | *© 
| Theſe methods chiefly depend on having an Ephemeris or Almanac 
adapted to the meridian of ſome known place, ſuppoſe Greenwich, for 
which the Nautical Almanac is fitted; which Ephemeris ſhall contain 
the Sun's place, right aſcenſion, declination, the times of the planets 
paſſing the meridian, as alſo the riſing and ſetting, the times of the 
eclipſes of the Sun and Moon, togeiher with thoſe of Jupiter's ſatellites ; 
the diſtances of the Moon from the Sun and ſome zodiacal ftars at cer- 
tain times, for every day in the year; and, in general, the times when 
any other remarkable celeſtial appearances may be ſeen at the place for 
which the Ephemeris is calculated. Then, as theſe celeſtial appearances 
are ſeen nearly at the ſame inſtant of abſolute time from all parts of ihe 
Earth where they are viſible : by knowing the relative times of the day, 
when ſuch appearances ate ſeen in two diſtant places, the difference of 
thoſe times is known, and conſequently the difference of longitude be- 


tween thoſe places. 


92:  MEerTnor V. By the Sun's declination. 5 
By ſome of the means ſhewn in Book V. between the Articles 185 
and 204, ot by any other means, let obſervations of the Sun be taken, 
from Which his declination may be computed at thoſe times. | 
- Take the difference between this computed declination, and that for 
the noon of the ſame day at London, 1 by the Ephemeris; from 
which take alſo the daily difference of declination at that time, and ſay, 


** 2 
4 


re ene a 


As the daily o_ of declination is to the above-faund difference; ſo is 
460 degrees to the difference of longitude. 

Exam. Suppoſe from certain obſervations made on the 18th of April 1764, 
the Sun's declination ſhould be found to be 11* fc“ 4“ Required the longitude ' 

the place 0 1 Re -—_ 

On April 18th the decl. at London is 11* 5” 26 8 1 

P — Th FF. 5 aal diff. is 200 39“. 

The difference between 11 10' 4” and 11* 5' 26” is 4 38”. 

Then 20” 39“: #/ 38” : : 360: 80 407% the diff, of long. eaſt of Lon- 
don; . 
| Becauſe the obſer ved declination was greater than that at Londen. - | 

Had it been leſs, the difference of longitude would have been weſtward. 

Here a ſmail error in the declination computed, will make a very con- 
fiderable error in the difference of longitude; and the method is only in- 
{erted as a caution to beginners. wn 2 | 2X 
Meruop VI. By the Moon's culminating. | 

Seek in the Ephemeris for the time of her coming ts the meridian on 
the given day, and on the day following, and take their difference; alſo 
take the difference between the times of culminating on the fame day, as 
found in the Ephemeris, and as obſerved ; and fay, Þ 

As the datly difference in the Ephemeris is to the difference between the Ephe- 
meris and obſervation ; /o is 360 degrees ta the differ:nce of longitude. 
For as the whole difference ariſes in a day, or by the running through 
360®: of courſe any part of that difference will require a proportional 
part of 360 degrees; upon the ſuppoſition of the Moon's motion being 
uniform during 24 hours, which it is not. 

Exam. Suppoſe at fea, the Miyon's center was obſerved to paſs the meri- 
dian on a certain known day at 57 minutes aft:r one in the morning: Required 
the lonzitude of that place. 4 | | 

In the Ephemeris I find the Moon's center paſſes the meridian of Lon- 
don on that day at Th. 47m. and the next day at 2h. 31m. the diff. is 
44m. and the time obſerved is 1om. later than at London. 

Then, as 44m. : 10m. : : 360: 81 49'. Which ſhews that the place 
is $1? 49/ to the weſt of the meridian of London. va 4 

Here alſo a ſmall error in the time of the Moon's culminating, will 
produce a great error in the difference of longitude; and this is men- 
tioned on the fame account as the former method was. 
94. Marnop VII. By the eclipſes of Fupiter's ſatellites, 
On the day preceding the evening on which it is propoſed to obſerve the 
_ eclipſe, ſeek the time it will happen at London, in the Nautical Almanac. 
| Let the difference of longitude between London and the place of ob- 

ſervation (known by the dead reckoning at ſea, or by the printed maps) 
be turned into time; and if eaſtward, be added to the London time of 
the eclipſe, but ſubtracted, if weſtward ; and it will give the time near- 
ly when the eclipſe is to be looked for in that place. But it will be 
proper to begin to obſerve 20 or 30 minutes ſooner ; and let the inſtant 
when the eclipſe begins or ends be noted, as ſhewn by a watch previouſly 
regulated to the time at the place of obſervation (58): then the difference 

| Z 4 TY between 
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between this time and the London time, converted into degrees, will ſhew 
the difference of longitude ; and if the London time be leſs than the ob- 
ſerved time, the diff. of longitude is eaſt ; otherwiſe it is weſt. 

95. TI he beginning of theſe eclipſes, called * 1 generally hap- 
pen on the weſt ide of Jupiter; and the endings, called emerſſons, to the 
eaſtward of the planet; and both happen at a very ſmall diſtance from 
the planet, ſeldom exceeding its half diameter. 

The beſt obſervations for finding the difference of longitude, are thoſe 
2' 3 made on the firſt ſatellite, or that which moves neareſt to Jupiter ; but it 
| ſhould be obſerved, that its emerſions are not viſible from the time of 
1 Jupiter's conjunction with the Sun, to the time of his oppoſition; and 
| the immerſions are not viſible from the time of the planet's oppoſition to 
= the Sun, to the time of its conjunction. ; 

Ex AM. Suppoſe by the Almanac for 1773, an immerſion of Fupiter's firſt 

= -- ſatellite is viſible at London on October 23d, at 13h. 23m. 15/. and I am, 
by my dead reckoning, in longitude 72 deg. to the weſt of London ; I obſerved 
on the ſame day the immerſion at 8h, 40m. 45/ſ.: Required the difference of 


longitude. i oo 1 | 1 

The difference between 1 zh. 23m. 15. and Sh. 40m. 45ſ. is 4h. 
42m. 3ol. | | ] | 

And 4h. 42m. of, is equal to 70 32/ for the diff, of log. weſtward. 

96. The eclipſes of Jupiter's ſatellites may be well obſerved by one of 
Dollond's new achromatic teleſcopes, of three feet in length, or by a re- 
flecting teleſcope of about 18 or 24 inches focal length. As theſe eclipſes 
happen almoſt daily, they prove the moſt ready means of determining the 
longitudes of places at land, and by them the longitudes of fea-coafts may 
be better aſcertained than they are at preſent; and whenever Jupiter is to 
be ſeen, they might be applied at fea, even oſtener than they would be want- 
ed, could they be obſerved with ſufficient accuracy in a ſhip under fail. 


97. Mxrnop VIII. By eclipſes of the Moon. - 
This is performed much in the ſame manner as by the laſt method. 
For if in two or more diſtant places, where an eclipſe of the Moon is 
viſible, the times of the beginning or ending are carefully obſerved, as alſo 
the times when any number of digits were eclipſed ; or when the Earth's 
ſhadow begins to touch, or to leave any remarkable ſpot on the Moon's 
face; then will the difference of the times, when the obſervations of like 
kind were made, give the difference of longitude between the places of 
_ obſervation. But theſe eclipſes happen too ſeldom to derive any general 
uſe from them, : 


98. Mxrnop IX. By an occultation of a fixed flar by the Mon. 
An occultation of a fixed ftar by the Moon is, when a ftar, lying in the 
line of the Moon's motion, is eclipſed by that planet. 5 : 


The method of computing the difference of longitude between London, 
and a place where the time of the occultation is obſerved, is ſhewn in 
Halley's Aftronomical Tables: and the method of delineating ſuch an 
occultation is ſhewn in De la Caille's Elements of Aſtronomy. 

But the method of finding the difference of longitude by an occultation, 

is rather too intricate and tedious to become of general uſe at ſea. c 
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90. The great Dr. Halley, and after him the Abbe de la Caille, and 
others, have reckoned the beſt aſtronomical method for finding the longi- 
tude at ſea to be, when the diſtance of the Moon from the Sun, or from 
a Star is uſed : for the Moon's daily mean motion being about 13 de- 
grees, her hourly mean motion is about half a degree, or 1 min. of a de- 

ee in two minutes of time; and ſo an error of one minute of a de 
in poſition will produce an error of two minutes in time, or half a degree 
in longitude. And if by obſervation it is determined what part of her 
daily motion the Moon has run through, during the interval between a 
certain point of time under a known meridian, and the inſtant of time 
when the obſervations are made on her under an unknown meridian, 
then her daily motion at that time will have to the part thereof, determin- 
ed by obſervation, the ſame ratio which 24 hours have to the interval of 
time taken to deſcribe that arc. 8 


100. M. de la Caille, in the proſecution of his method, directs a num 
ber of obſervations to be made one after another, in which the interval 
of time is to be diligently noted: and obferves, that many errors will be 
apt to ariſe here from the inſtrument, the obſervations, and the calcu- 
| Jations, which muſt jointly affect the longitude deduced ; ſo that the moſt 

experienced artiſt ought not, in general, to expect on a ſingle ſer of ob- 
ſervations to find his longitude nearer than to two or three degrees of the 
truth. He therefore propoſes, that each ſet of obſervations ſhould be 
taken by two or more obſervers at the fame time; by which, from a mean 
taken between them, the longitude may probably be found within a de- 
gree and a half; although it may happen, that by an extraordinary degree 
of diligence and ſkill, and by a lucky compenſation of errors, a reſult 
within a degree of the truth may be obtained. But-the Rev. Dr. Maſ- 
kelyne, the Aſtronomer Royal, who has had great experience in this mat- 
ter, recommends the ſet of obſervations to be divided among different 
perſons, ' each obſerving at the ſame time his reſpective part, and the 
computations to be made, either from a good Ephemeris, or from the 
beſt Lunar tables, ia which caſe the reſult may in general determine the 


* 


longitiide at ſea within a degree of the truth. 


I10᷑ũ. Since Sir Iſaac Newton's diſcovery of the true cauſe of the in- 

equalities in the Moon's motion, which had from the earlieſt times per- 
plexed aſtronomers, attempts have been made to form juſter tables of her 
motion than before were poſſible to be effected; and here the late profeſſor 
Mayer of Gottengen has ſucceeded fo well, and his tables come fo near 
the truth in every part of the Moon's orbit, that they may be confided in 
for d*termining the longitude of a ſhip at ſea, whenever the Moon is to 
be ſeen, within a degree at moſt ; which has been proved by a compariſon 
of the Tables with the obſervations made at Greenwich obſervatory by 
the late Dr, Bradley, and by the preſent Aſtronomer Royal, 


A — aro or — —_— — 


- its plane ſhall paſs through the Sun and Moon: look at the Moo 


n throu 
the tranſparent part of the horizon glaſs; and 188 there, gently 
move the index till the Sun's image is brought into the filvered part of 


grees cut by the Vernier's ſcale will ſhew their angular diſtance. 


vered part of the ſame glaſs ; let the quadrant gently librate about the 


ward the weſt : and during the time from the full to 


obſerved diſtance is to be leſſened by the ſum of their ſemi-diameters. 


ward, when the object to be ſeen by reflection is to the right-hand, 
— 8 5 
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302. Firſt, To olferve the angular diflance between' the Moon and any 
celeflial objec. 3 


5 i * Between the Moon and the San. | 
Turn down one of the ſcreens, and hold the Hadley's quadrant fo, that 


that glaſs : bring the neareſt limbs of both objects into contact, and let 
the quadrant librate a little on the lunar rays by which means the Sun will 
appear to riſe and fall by the fide of the Moon; and in this motion the 
neareſt limbs are to be made to touch one another exactly by moving the 
index ; when this is effeCted, the obſervation is completed, and the de. 


103. II. Between the Moon and a Star. 

If the Moon is very bright, turn down the lighteſt ſcreen, and diret 
the plane of the quadrant through both objects: look at the ſtar, as in a 
fore obſervation, through the clear part of the horizon glaſs: keep it 
there, and, by moving the index, bring the Moon's image into the ſil- 


ſtar's ray, and the Moon will appear to riſe and fall by the ftar ; between 
the librations move the index till the Moon's enlightened limb is touched 
by the middle of the ſtar, as by a tangent, and the obſervation is made. 


8 REMARKS. | | 

_ 104. The enli limb of the Moon is always to be brought into 

contact with the Sun or ſtar, even though the Moon's image is made to 

paſs beyond the Sun or ftar, before the deſired contact can be obtained. 
Between the new and full Moons the enlightened limb is turned to- 


the new Moon, the 


enlightened limb is turned to the eaſt. ; | 5 

The obſerved diſtance of the neareſt limbs ef the objects, is to be in- 
creaſed by the ſum of their ſemi-diameters; but when the contact is ob- 
ſerved of their fartheſt limbs, by bringing one over the other, then the 


The ftars have no apparent ſemi-diameters ; but that of the Sun and 
Ec any given mon- and 
N is held u , the motion of 
the index forward brings the right-hand object, by reflection, into contact 
with the left-hand one ſeen directly; and when its face is held down- 
ward, the like motion of the index brings the left-hand object, by re- 
flection, into contact with the right-hand one ſeen directly. 

Therefore in north lat. the quadrant is to be uſed with its face up- 


— 
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or weſtward of that ſeen direly. But when the object to be ſeen di- 
rely lies to the weſtward of that to be ſeen by reflection, the quadrant is 
to be uſed with its face downward, 2 


106. A readineſs in the uſe of the quadrant both ways, is to be obtained 
by practice only, which the learner may make familiar to himſelf by ob- 
ſerving the poſition of land objects; and to attain an accuracy in obſerva- 
tions let him ſelect 6, 8, 10, or more objects lying around his view; and, 
beginning with any cne of them, take the angular diſtance of the 2ſt and 
2d, the 2d and 3d, the 3d and Fth, and fo on all round, ending with the 
laſt and firſt ; and the ſum oi all theſe angles ſhould make 360 degrees. 

In a Hadley's quadrant of 15 inches radius, if the limb and the Ver- 
nier's ſcale are well divided, the meaſure of an arc may be read to thirds 
or quarters of a minute, with the aſſiſtance of a magaifying glaſs, 


107. Secondly. To corre the apparent angular diflance obſerved between 
the Moon and any other celeſtial object: or to reduce the diflance, obſerved at 
the ſurface, to what it would appear if obſerved from the center of the earth. 


It was ſhewn in Book V. Art. 66, that the apparent place, in which the 
Moon is ſeen in the heavens from the ſurface of the earth, is generally not 
her true place on account of the parallax ; ſo that her apparent place 
thould be corrected, as well for the error of parallax as for that of refrac- 
tion: the ſame may be obſerved of the Sun; but the parallax of the ſtars is 
too ſmall to affect their places ſenſibly, and therefore the refraction only is 
to be applied to them. Becauſe the apparent places of celeſtial objects 
want correction, their apparent diſtance does alſo ſtand in need of being 
corrected, eſpecially where the Moon is concerned; how to do this is 
he wn in the following precepts, 


ft. In the triangle formed by the obſerved diſtance of the objects and 
their zenith diſtances, find the angles at each object comprehended be- 
tween the obſerved diſtance and reſpective vertical or azimuth circle. 
R 1 | W . 2 (IV. 154) & 
2d. By the Almanac find the Moon's horizontal parallax at the time , 


of obſervation, reduced to the meridian of the Almanac. 


3d, Say, as radius is to the co-ſine of the Moon's altitude; 
Sen the horizomal parallax to the parallx in ift 


4th. Say, as radius is to the co-fine of the faid angle at the Moon; 
Zo is the diminiſhed parallax to one error in di Sy 
Which is to be ſubtracted, if the angle at the Moon is acute; otherwiſe 
it is to be added JJ ˙ Wow mw 1 we | 
5th. Alſo fay, as rad. is to the coſ. of the faid angle at the Sun or tar ; 
| So is the refraction on its zenith diſtance to an error in diſt. 

Which is to be added, when the angle at the Sun or ſtar is acute, other- 


. . LE) 


ExAM. 


- 


300 


- "Exam. 1 . Suppiſe on 4 6th 
the weſt of London, at 5h. 36 


limbs of the Sun and Moon . be obſerved to he 68* 10 24", at the tin, 
the altitude of the Sun's lower limb is 31* 44' 12”, and the altitude of th, 
44 12/', the height of the eye above the water by. 


. Required what woald be the true di — of the centers f 


Mom's lower limb is 235 
ing allo 
the Sun 


By the A the ſemi- diameters of the Sun and Moon at that 


time will be found to be cack of 15 


of the Sun's center is 325, of the Moon's center is 24, and the apparent 


diſtance of the centers is 685 47. 
Alſo 


don time is 58 30/2 88, 65. 


Given the Sun's 888 diſtance 
the Moon's zenith diſtance 
the diſtance of their centers 68 42. 


; Required 2. of potion at the 9. 


68⸗ „working by Art. 154. B. IV. 
66 o L's, 6842 o, 03073 
580 L's, 66 © 0,03927 
2 42 Ls, 30 21 9.70353 
60 42 30%1 L, 27 39 9.66658 
55 18 [27 39 19,4401 1 


, 31 392 9572005 
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1 Auguſt 1772, in a place 96 degrees t 


g6* W. is bh. 24m. to which 5h. 26m. being added, give 12h, 
P. M. at London; and the Moon's horizontal parallax : at the given Lon- 


Book Ix, 


by a watch, the diſtance of the near; 


48/7. Hence the apparent altitude 


mY 
66 


Required the L of poſition at the ©. 


68 42, Working by Art. 154. B. IV. 
58 © | L's, 08% 42' o, 03073 
60 © Ls, 58 © ©,07158 
10 42 | Ls, 38 21 9,79272 
70 42 352117, 27 39 9.66658 
55 18 [27 39 19,5616! 
is i ua 1 9.7 8080 


£. at the moon = 63 19 
As Rad. 


% 


3 w io, ooo 
o F, 's alt. 24 9,9607 
So horizon. paral, 58 65 9 * 15 
To paral. in alt. 8 1,72 
Deduct refraction „ 8 Owe 
Error in alt. 5 51,28 
As Rad. © Tococod|AsRad. _ |  10,60000 
Tos at) 63⁰ 1. 9.652300 To , L at © 7416“ 9,3323 
So error in alt. 51, 28 1.099580 error in refr. 1,8 , 25827 
To error in diſt. 23, o3 1,36225 To error in diſt. o, 488 1, 68850 
| Which is ſubrraQive: © Which is to be added. | 
Now 23.03=0,488=22,54=22 32” Subtractive. a 


Then 6842 —0“% 22 32 2268 1 


che E Earth's center, 


19 28”, Which is the true . of the 
centers of the Sun and Moon at the time of obſervation, as would be ſeen at 


Lat the Sun = 74 16 


Ex AM. 


1 DALES d " 


EAM. II. Suppoſe in the year 1762, in latitude 32 - N. and longi- 
tude 38.30 M. of Greemwich by account on May gth, at 12h, 34m. 19. * 

arent dane. of the ar Au Virginis from the Moon's center was ob- 
ſer ved to be 5 1 28” 35”, and at : „ * time, the apparent altitude of ; a 
gulus Was 24" 48', and that of the Moon's center was 12* 300 : Required the 
true diſtance of the flar from the Moon's center. 


THE WORK. 


510 20 o, 10656 510 29 o, 10656 
55 12 | o, 4202 77 28 , 01042 
13 43 * 26 1 
3 . 65 12 
21 13] 45* 367 9.85404 91 13] 46% 367 95404 
63 7 31 532 9,72289 T 
19,72551 PT, 19,49647 
469 487 5, Rs -- 34 3x 974823 
% 37, 8,799 % 112 30 9,9895866 „ 9,7138 
123” . 2,08990 „ 1,75012 | $0,72 170518 
| — — 2 —— — 
77% , 88980 54.92 1,3970] 1854 1, 27656 
my = A 
e ee 


App. diſt. 51 28 35 


True diſt. 51 9 33 


The precepts by which theſe examples are worked are derived from 
principles ſhewn in the Appendix; but the operations may be ſomewhat 
| ſhortened, thus: 

In a triangle with the three ſides, viz. the two apparent zenith dif. 
tances, and the apparent diftance of the centers, find the difference of 
azimuth. 

Wich this 8 of azimuth, and the corrected zenith diſtances, 
find the true diſtance of the centers. 
This work may be done very compendiouſly by the Glowing: precepts, 
from Book IV. Art. 253, 255- | | 
108. A compendium for finding the true diſtance between the Moon and Sun, 
or Star, "= their obſerved altitudes and diſtance, 
PRECEPTS. 
1ſt, To the Arith. Comp. of the log. fine of half the apparent diſtance, 
add the log. fine of half the diff. of the apparent altitudes 3 the ſum 
is the log. fine of a firſt arc. 
2d. To the log. fine of half the apparent diſtance, add the log. co-ſine 
of the firſt arc, reject radius, and the ſum is the log. fine of a ſe- 
cCond arc. 
3d. Add together twice the log. fine of the ſecond arc, and the Arith. 
Complements of the log. co- ſines of the two — altitudes, 
their fum is the log, 2 mY 
4th. 
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Ach. To the of the third add the log. co-ſines of the 
* 9 ſum is the log, of 1 * 


* From half the n ſine of half 
b diff. of the corrected altitudes, there remains the log. i 
a 5th arc. 
Sch. From half the log. of the 4th arc, take the log. ſine of the zn 
arc, and there remains the log. fine of half the true diſtance, 
Theſe precepts being expreſſed in the following ſhort way, may aff 
the memory, and render the operation more caly. 
9 diſt. + Ly5y diff. ap. alts. | = 1ſt. are, 
2d. L,, f ap. diſt. + L, Y, 1. arc = $4 
3d. 21, , 2d. arc, 1, one ap. alt. 4, "ak ap. alt. 22 
3d. are T1, one cor. alt. + L,s, oth. cor. alt. t, 
Sth. I, 4th arc — L,, f diff. cor. alts. 


,, th. arc. 
Sth. £1, 4th arc — L,, 5th arc =L45, J cor. diſt, 
Applying theſe precepts to the preceding — the work will ſtand 
in the following order. 


Exam. I. (See os gage 298) Here are given the apparent altitudes of the 


ernterg VIS. 2" ; of the Moon 24* ; and their apparent diſ- 
— 685 1 > izontal parallax 58' 39: 3 the 


"OY 2834 21 —1 6 co o” Alt. > ==4 & c' 
Ap. alt. © =32* — == 1 31 Refr— = 2 | 
Ap. wo =4 | or. = © ==31 58 29 Alt. cor.—=23 57 53 
Diff. ä — Cor. alt.) ==24 $1 32 Paral. + = 53 39t 
Diff. cor. alts. = 7 « oral. ) =24 51 32 
I WK: wan. as. = 3 33 28 
Ls = Aſt. 


= 34 21 38883 97547 T. 2 diſt, 
3 4 © 8.84358] 


Lots 1fl. are. 55592770 9.99666 1,5, 1. are. 
9.74813 Lys, 2d. arc. 
9.74813 Lav, 2d. arc. 
0,07 158 * O alt. 32 
9.03922 , alt. 24 
19,5071 L, 3d. —_- 
992854 L,s, © cor. alt. 3 1e 50. 
r cor. alt. 24% 51% 
| | [3949343 1, Ach. are. 
b Lots 4. arc.  19,74671|19,746714L, 4th. arc. 

een _8,70277 r. diff. cor. alts. 39 37 25 


* 


Lys Sch. arc. RT - 19,95394 * 208+ 
1.2, + cor. diſt.=34* 9. 44” 9-74938| 


. — 19 T 


7 | 


Bur th partie in ae may readily be nn, 
om rad. to the co- ſine of the alt. 
from the hor. par. to the paral. in alt. 


Exan. 
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where akte ee 


303 
Exam. II. Given the of the Moon from the Sun 8 
the Sun's alt. 55 ©; the pe gr A and ber horizontal parallax 
60% of : Required the true — | 
Now rad. : J, 30: : 600: 51 58 par. in alt. by Gunter's Scale. 
pit. 28 of its 4429 % 
r RS — 
Arg, a O0 1 4 50 06 29 58 22 
. 1 =... + 58 
22 — . FEE 
diff. = 12 zo; ap. alts. 13 co 71 Gi. true alts. 
Los 42 30 o, 17032 92963 L, 42 30 
, 12 30 —334³4 
W has 9.50556 9:97648 125, fl arc 
% fo 95806176 Ls, 2d. arc. 
9580616 Ls, 2d. arc 
— L's, 300 of 
| 0,00106 Ls, 5 o 
119,07645 T, zd. arc 
K | 9.99845 Lf » 4* 50 
1 | 9-93380 Ly", 30 50 
| | 39,60870 'L, 4th. arc 
$1, 4th. arc 19, 80435 [19-80435 Kr, 4th. arc 
9.35215 Li, 13% &f 
Ls, 5th. are 9,97450[10,45220 Ly, 5th. arc, 
Diſt. 42* 31 15 9,82985 „ 
85 2 30 the true diſt. 


Ex AM. III. Suppoſe the 
350; the Star's altitude 24 


apparent diſt. f. of the Moon and a Star was $1* 28” 
48/.; the Moon's altitude 12 30%, and her ha- 


v. parallax 56' 15” : 2 Required the true diſtance. 
„ * 3 12* off o” 
* 24 48 — Þ 
a ) 12 30 „ 1 12 25 48 
Dif. = 12 18 1 23 20 48 + 55 © 
1 alts. ao 8 13 20 48 
and 5 42 34z=z diff. —_— 
5 br the 44 17 wogbees| 9663774 , 25% 4 17%” 
by, 9,02992 
Lats itt. 8 9.39218 9.98535 LY, Iſt. are 
9,2410 L,, 2d. arc 
9.62410 Lys, 2d. arc 
| 004202 3 275 24 48 
O, 10 KC. 12 30 
1930064 , 3d. arc 
1993810 , 24% 46 
| 9.98310 Loi, 13 21 
: 39924084 L, 4th. arc 
19.5234 21. 4th. are 
35s, 4th. arc. 79,62 342 8 29775 5 L, 5 az 34% 
Los, 5th. arc 9.98816] 227507 ii, 5D. arc 
£ Dil. 25 34" 50” 33858 
Ce. 9 40 | 
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Exan..IV. Let the apparent di lane, of the Moon and a Star be 102% 303 
the Star's alt. 15* 25; the Moon's alt. 27 3007; and her hor. par 


ad * 
| Required the true diftance. 
Diſt. 102 30“; its $=519 15". lie ige 26” „ Þ 2 ” 
Ap. alt 15% 25 „ 
. D —= N 27 28 no, 
Diff. BR „ + 50 36 
4 diff. T 24 ap. alts. 7 
i 75 | 5 28 36= diff, true alts, © 
Bots $3" 8 ... © 0,10797 9,89203 _ 5115 
7, 6 25 9,02223 ; 
1, Iſt. arc | 9,13020| 9,99601 1, iſt. arc 


 9,88804 Ls, 2d. arc 
9.88804 Ls, 2d. arc 
| ©,01591 LS, 15* 25/ 
| ©,05207 Ls, 27 30 
19,844c6 L, zd. arc 
994466 L,s, 28* 184 
| 9 98420 LY, 15 215 
29:77292 L, 4th, arc 


8 3 88646 19,8854 4 „, 4th. arc 
* 775 . 905223 L, 69 283 

Ly, Sth. are 9.99539] 1983423 Lt, 5th. are. 
= Diſt. 51* 5 36” 9.89167 | 


Diſt. 162 11 12 | | 


109. But of all the methods which have yet been thought of for reducing 
the apparent diſtance of the Moon from the Sun or a ſtar to the true, the fol- 
lowing one, derived from that invented by Mr. Mitchell, late head maſter of 
the Royal Academy at Portſmouth, and printed in the Nautical Almanac 
for 1772, is perhaps beſt adapted to "the diſpoſition and capacities of ſeame:1 

in general ; as it is very ſhort, requires the logarithms only to four places 
of figures beſides the index, which may always be taken out at fight with- 
out making any proportions, and yet the reſult will be dae exact. 


PRECE PTS. 

iſt. From the Sun's refraction (55) take his parallax in altitude (V 319.) 
and the remainder will be the correction of the Sun's altitude. The cor- 

rection of a ſtar's altitude is its refraction. 
2d. Take the proportional logarithm of the Moon's horizontal * 
out of the Nautical Almanac, increaſe its index by 10, and ſubtract the log. 
co- ſine of the )ꝰs apparent altitude from the ſum : the remainder will be the 
proportional log. of her parallax in altitude; from which take the Moon's 

refraction (55), and there will remain the correction of her altitude. 
zd. Add the Sun's apparent altitude to the Moon's, and take half the 

ſum : ſubtract the leſs from the greater, and take half the difference. 
Add together the co-tangent of the half ſum, the tangent of the half dif- 
ference, and the co-tangent of half the obſerved diſtance : the ſum, reject- 
ing 20 from the index, is the log. tangent of an arc Aa. 

4th. When the Sun's altitude is greater than the Moon's, take the dif- 
ference between A and half the apparent diſtance ; but if the Moon's al- 
titude be greateſt, take their ſum ; and to the co-tangent of this ſum 


or * add the co-tangent of the Sun's 1 altitude, and the 
1 8 | proportional 
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proportional log. of the correction of the ſun's altitude; their ſum, when 


20 is rejected fro n the index, is the proportional log. of the firſt correc- 
tion of the apparent diſtance. | 


5th. If the diff. of arch a, and half the apparent diſtance was taken in 


the preceding article, take now their ſum ; but if their ſum was then 
taken, take now their difference, and to the log. co-tangent of this ſum or 
difference, add the log. co-tangent of the moon's apparent altitude, and the 

proportional log. of the correction of the moon's altitude: the ſum, reject- 
ing 20 from the index, is the proportional log. of the ſecond correction. 

6th. If the arch A be lefs than half the apparent diſtance, the firit cor- 
rection muſt always be added to, and the ſecond ſubtracted from, the ap- 
parent diſtance, But when the arch A is greater than half the apparent 
diſtance, both the firſt and ſecond corrections muſt be added, if the ſun's 
altitude be leſs than the moon's ; but if the moon's be leaſt, both muſt be 
ſubtracted, to give the corrected diſtance of the ſun and moon. . 

7th. Add together the proportional log. of the ſum and difference of 
the correction of the moon's altitude, and the ſecond correction of the 
obſerved diſtance, the log. tangent of the corrected diſtance, and the con- 
ſtant log. I, 5820: the ſum, rejecting 10 from the index, is the propor- 
tional logarithm of the third correction; to be added to the corrected 


diſtance when it is leſs than oe, but ſubtracted when it is above, and this 


gives the true diſtance required. 


Exam. I. (See page 300 and 302.) Given the apparent altitude of the 

Sun's center 32®, that of the Moon s center 24, and the apparent diſtance of 
their centers 68 42/, when the Moon's horizontal parallax was 58 39” : 
| Required the true diſtance. 


The refr. on the ſun's alt. 7 31” | The J's hor. paral. 58 39” P. L. 10, 4870 


The ſun's paral. in alt. o 8 | Moon's app. alt. 24% oo' col. -9,9607 


— —— — 


Correct. of the ſun's alt. 1 23 | Moon's par. in alt. 53” 35 P. L. 0,263 


Sun's app. alt. 32 of ERefraction 7 
Moon's app. alt. 24 00 Correct. J's alt. 51 28 
Sum RR EOS 280 O0 co-tang, 10,2743 
Difference 8 0 half is 4 o tang. 3.8446 
App. diſtance 68 42 oo half is 34 21 co-tang. 10,1653 
Firſt correction aa Arca 10 $3 tavg- 9,284.2 
Second correction — 23 6 Diff. 23 28 co-tang. 10,3024 
Corrected diſt. 58 19 167 Sun's alt. 32 oo co-tang. 10,2042 
Third correction + 7 Carr. O's alt. 1“ 23” P. L. 2.1143 
True diſtance 68-19 24 Firſt correct. © 224 P. L. 2,68 
| Sum 459 14 co-tang. —_ | 
Moon's alt, 24 oo co-tang. 10,3514 
Corr. J's alt. 517 28” P. L. 0,6437 
Second corr. 23 6 P. L. o, 8916 
Sum Dee 0, 3827 
Difference 28 22 P. L. o, 8024 


Corrected diſt. 68® 19 tang. 10, 4005 


Conſtant logarithm 1,5820 


Third corr. 0 7 P. Lo 3.1679 


Vor. IL, 3 | Exane. 
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App. alt.) 12% 30 D 's refraction 4 12 


the Sun's alt. 15 25% the Moon's 27 300 and ew n. * 57 
003 “/: Required the true di * 


RNefraction on the ſun's alt. 3“ 25” 


— 
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Ex AM. II. (See zor and 303. ) Let the apparent diflance of the Moon 
and a Star be 51* 28/ 35% the Star's altitude 24 480, the Moon's altitude 125 
30/, and her horizontal cerallex 5670 15” : What is their true diſtance ? 
The refract. on the & is alt. is 2 3” | Þ's hor, paral. 5& 15 4, L. 10,5051 
)'s app. alt. 12 300 f, 9.9896 
D par. in alt. 54 57 P. L. 7155 


App. alt. & 24 48 Corr. D's alt. 50 43 
Sum 37 18 half is - 197 397 * 10,4717 
Difference 12 18 half is SG '@-- # 9,0324 
Obſerved dit. 51 28 35” half is 25 44 © 10, 370 
Firſt correction — 8 Arch 4 8 98: -# 9.8211 
ad correction — 18 54 . Difference - 7 47 *O 10,8643 
Corrected diſt. 51 g 33 Star's alt. 24, 48 10,3353 
3d correction 4 15 *'s refract. 2 3“( P. L. _ 19435 
True diſtance 51 9 48 Vit correction o 8 .P L. 3.1431 
5 5 Sum 59315 „ 9,7745 
Note. The true diſtance, 's alt. 2 12 30 10,6542 
computed with the utmoſt ex- Corr. J's alt. 50% 43” P. IL. 9.801 
actneſs by ſpherical trigono- 2d correction 18 54 P. L. 04,9788 
metry, is 51* 54 | Sum 69 37 P. I. 5,4125 
Difference 31 49, . L. o75c26 
Corrected diſt. 51 10 3 10,0941 
Conſtant logarithm 15820 


za correction 1 258413 
Exaw. III. Let the at parent diſtance the Maon and Sun be 102* 39 


ds hor. parall. 57 03% P. L. 10,4990 
Parallax in alt. (V. 319) 38 | )'s app. alt. 270 22.3 „ 99479 
Correction of the ſun's alt. 3 17 's parall. in alt- 50 38 P. L. 0,5511 


App. alt.) 27 30 's refraction 1 49 
Ane 1 Correct. Ps alt. 48 47 
—_— 42 55 The half is "7 #5 16,9057 
Difference 3 The half is . 9,0240 
Obſerved diſt. 102 39 be half is 51 ug „ 9:9945 
Firſt correction +- I 49 The arch A 12 11 : 9,3 342 
2d correction — 20 37. Them GJ 26 „ 95995 
Corrected diſt. 102 11 12 The ſun's alt. 15, 25, if 10,5595 
zd correction —. — Cerret. Os alt. 3 17“ P. L. 1,7389 
True diſtance 102 11 8 itt correction 1 49 P. L. 19974 
The difference 39 4 10,0906 
2 1 10, 283 5 


Corrected diſt. 1027 11 „ 106677 
Conſtant logarithm 15820 


zd correction % 4 P. IL. 3407 
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SECONDLY. 


110. To find the time at which two propoſed celgſtial objects may be ſeen 
at a given diſtance; if obſerved from the center of the E arth under the meri- 
dian for which an Ephemeris is calculated. 


In the Nautical Almanac there are, ready computed, the diſtances of 


the enlightened. limb of the moon from the ſun, or from certain fixed 
ſtars every day, at the hours 3, 6, 9, 12, 15, 18, 21, and at noon. 


Therefore ſeek in that Almanac amongſt the computed diſtances of the 


propoſed objects on the day given for the given diſtance, which if found 
| there, the time is there alſo. 

But if the given diftance falls between two computed ones, As (as it 
generally will) the correſponding time is to be found by 3 * 


Saying, As the difference of the computed diſtances A, B, 
J to the difference between A and the gi ben diſtance; 
Cs are three hours of time, 


Ta the Proportional time to be added to that of 1 the diſtance A. 


| Exam. A whet time on the 21/f of Fuly, 177% will the di ance between 
the Virgin's ſpike and the Moon's enlightened limb, be equal to 54 5647, as 
feen from the center of the Earth under the meridian of Graemwich ? 


On the 21ſt of July the given diſtance falls between the . 


diſtances at gh. and at midnight, viz. between A 55 31” 30”, and B 


$53* 51/ . ſo that the time is between gh. and 12h. P. M. 


The difference between A and B is r W Jy'=z 59775 and the differ- 


ence between A and 54 $6F/ i is 0? 35' 5 
Then 5977” : 2115”: : 3h. : ih. 3m. tas 
And gh. T lh. Zm. 59f. =10h. Zm. 5 15 time required. 


111. To the longitude from obſervations made on the altitudes the 
age and Saves or Star, and of their diſtance. W 


PRECEPTS. 
rſt, Let the watrh be adjuſted to true time, or its error found, a few 
hours before or after the time of obſervation. (58) 


dd. Let three perſons, each having a good Hadley's quadrant, make ob. 
ſervations; one taking the apparent angular diſtance of the moon 
from the fan or ftar ; another taking the altitude of the moon; and the 


= third, taking the altitude of the ſun or ſtar. Theſe obſervations are to 
be made at one and the fame time, which another perſon is to note by 
the watch. (44- 102) 
3d. Let the obſerved altitudes be corrected for the centers of the obj jects, 
and then the diſtance be corrected by parallax, &c. to have het true 
diſtance of the centers. (108. 109) 
4th. Find the time at Greenwich, when this true diſtance happened. (110) 
5th. The difference between the Greenwich time and the ſhip's time, is the 
difference of 12 | 
| | A322 The 
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2 REMARKS. | 

The beft times of the day for taking the diſtance between the moon and 
ſun, is from about half an hour after ſun-riſe to about ten o'clock in 
the forenoon; and in the afternoon nearly from two o'clock to half 
an hour of ſun-ſet; becauſe the apparent time may then be derived 
from the altitudes of the fun taken with the diſtance, in which caſe the 
watch is not neceſſary. If a watch be uſed, the altitudes for regu- 

| lating it may be taken during any part of theſe intervals, and the 

_ diſtance, &c. at any time whatſoever, from half an hour after ſun 

rriſing, to half an hour before it ſets © 

Theſe obſervations may be taken -during the four days preceding the 
moon's firſt quarter, and the four days following the laſt quarter; 
which make eight days in each lunation, or about a fourth part of the 

time between new moon and new moon, with a quadrant ; but with 
a ſextant for the four days preceding, and the four days following the 
quactratures alſo; that is, 15 or 16 days in each lunation. 

The beſt time for making obſervations between the moon and ſtar, is 
during the evening or_morning twilight ; or when the fea horizon can 
be ſeen diſtinct enough to take an altitude ſufficiently accurate; and 

when the moon has between 5* and 159 of altitude, or not exceeding 
20*® ; although any altitude may be ufed with a diſtinct horizon. 

Chooſe a known {tar to the eaſtward or weſtward of the moon, lying 

nearly in the line of the moon's path; that is, in a right line conceived 
to paſs through the moon's center perpendicular to the right line 
joining her cuſps, or horns ; but between the full moon and her qua- 
dratures the direction of her ſhorteft diameter points out her path. 

The diftance of the ſtar from the meridian ſhould be two hours at 

leaſt, but a greater diſtance is better, if the apparent time be deduced 
from it; but if a watch be uſed, and the apparent time be deduced 
from other altitudes, this is not material; and the ftar's altitude ſhould 
not be leſs than 5 degrees. Ke 
If two, three, or more ſets of obſervations be made, as near to each 
other as poſſible, and the means of the times by the watch, of the 
diſtances, and of the reſpective altitudes, be taken, theſe means may be 
eſteemed a ſet of obſervations more to be depended on than any ſingle 
ſet: or the longitudes may be computed to each ſet, and the mean of 
the reſults be taken for the true longitude. „ = 
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N. and lonzitude” 28 IF. of. 


Exam. I. Being by account in latitude 
Greenwich, on the ad yp. 1 L Em Fuly, 1772 3 thed = being well regulated to 
parent time, and adley quadrants well adjuſted, the diſtance between 
th neareſt limbs of = Sun and Moon, and the altitudes of their lower limbs 1 
were obſerved as fallaws, f the height of the eye being 2 for : Required 
the ſhip's true longitude. 4 


Time 8 24m. Sun's alt, 48 47 4 Moon' s al“. ge 10 : Dif. 69% 43% 


26 48 59 840 60 442 
nr”. 21 25 2 48 0 325 60 44 ; 


Now Sh. time 21h 21h. 25m. P.M. +Th.5 zm. W. =23h. ut F. M. at Gteeaw.(G7) 
At time ehh the lun s F diam. = 150 48” } e 

Moon's f diam. = IS 14 * 

Her hor. parallax = = 55 54 ; 

| Then60® 44/ + 31/ 02' = 6 15 02” the apparent diſtance, . 

And 48 50 +15 48 = 49 5 48 the alt. of ſun's center. 
And 8 25 +15 14 1 40 14 the alt. of moon's center. | 
Alſo rad. : £ 8* : : 55 54”: 55 10” the par. in alt. by the Gunter, 
Now diſt. 61 is' 2%; its: =30® 37 31/2 alt. 49% 5'48” P alt. 8 40” bo 


72 


——_— 


© ap. alt. 49 5 48 Ref— 49 — 56 n 
D ap. alt. 3 40 14 — 49 4 49 8 34 iT 55 


* OE — 


Diff. 40 12 34 e 29 23 Par. +__ 55 10 
Diff 20 12 47 of app, alts. Diff. 39 35 36 _ _9 29 23 
19 47 48= diff. true alts. 


8 
8 


D LEP 
: fy 


* 
5 
Lal . 
, 
9 


L's, 3037 31 0,29292 9.70708 L,s, 30? 37 31” 
Lys 20 12 * 92845 102 
475 iſt, are 9583138 _9:86619 Lys, 1 ta Lf” 


| 9257327 Las, 2d, are 

og 9.57327 175 2d. arc 

5 7 25 49* 5 48” 
0,00499 , 8 40 14 

233542 L, 3d. arc 


- 7 
39 
ef 8 i « 
= SE >, > 

3 —— — 

35 2 * 

r 3 5 

— g 
25 


* 9.81621 * 49* 4 59˙ 
| 999401 Lys 9 29-23 

8 39-1464 L, Ath. arc | 

1,5 4th arc 19,37282| 1957282 21 4th. arc. 
IM 55 p _9+52979 Lys, 19% 47 48” 
Ly, gth are 9.86993 19294303 Ly, 5th. : 
: Diſt, 39.18 2278289 
2 
50 36 the true diſtance. 


| Again, by the Nautical Almanac 1772. 
T3000 06.008 EEE, £  — nn __ (209) 
24th. is 60 11 37 =B. Go® 36 © at ſhip. ES. 
9 W! 3 25 58 =85'58 1 1 35 =61'35” 
Now (I. 40) 85 $8"=85,906; and 61' 35"=61,5833. 
Then (I. 46) Ka b5.9h 26 gg * * 8m. 50f. time above 2. 
time A. 


23d _ 


2 — — —— 
1 — —— . oo — 


3 _ - 


— — — 


- - 
nn” ne Eon 7 — — — — <one 


Then diſt. 585 25 5"; its f a9 7 3% & 25% 58 18,00 p 

*"'s alt. = 25 10 ) A464 1 — 6 17 

9 San 10 . | | 25 -7 59 "23 an 43 | 1 

D N 1 1 +_ 55 © | 

Z diff, = 826 8 1 1 17 15 2 643 N 
Ne 
* 
D 
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Ex/ 

Exam. II. Suppoſe in Nov. 6th, at 14h. 15m. 14/. appare V 
time; being by — in AG 19'S. Jong 216* 15 E. the * 2 40 3 
tance between Aldebaran aud the Moon's Jr lum ſhould be 58* 30':. 4 6 

_ the Star's alt. 25 1Of ; the alt. of the t lotoer limb 8 2/ 50%; Re being 
quired the ſhip's true lengitude. Time 


Now Sh. time 14h.1 m. 140 P. M.—57b. zm. i 14f. at Greenw. ( 
At this time —— =15" 10 457 hor. parallax 55˙ 40” by 22 
And 58* 300 15/—15 1 = 58* 1 £1 5'' the apparent diſtance. 

And 8 2 50 +15 10 = 8 165 che ap. alt. of J's center. 


8 0 38=L diff. true alts. 


„ in 0,31271| 9.68728 1% 29% 7 32. 
1, 8 26 © 216631) 8 
1 firſt arc 947953 9497934 Lo" Ih. are 


| 9,6662 LI, 2d. arc 
| 9.65662 L ys 2d. arc 
| 0, 04332 1555 25 10 
| £00457 L's, 8 18 


1 L, 3d. arc] 
| 9,95680 , 259 on 


222448 , 9 07 


— 


= NN. 39-33241 Ly 4th. arc 
Z r, 4th. are 19.566200 19,66620 f 1, 4th arc 
| | 9, 14412 Lys, $* of 38” 
Lf, 5th. arc 228123 8 Lots 8 
2 Diſt. 28* 57 22” bee 
57 54 44 the true diſtanee. 


Now here is given the ſhip's time 14h. 1 5m. 14. and ths. | 
Corrected diſtance between the Moon's center and Aldebaran 57 54 44% 
Required the ſhip's longitude. | 
By the Nautical Almanac: The diſt. at öh. is 559 38 35% a 57 38 35” a. (109) 

„ $9 35 43 » 57 $4 46 ap. 
| = 33 88938006 9 
Now 0. 400 a 8"=93, 133' and 16 9 165 T f * OT: 
Then (1. 49) e 16,15 © * Sq 34m. 15f. en 6 4 
time . 


* 


dw DET 86 31 13 

Ship's time 1 44 15 2, . 
tm. ine —————_s 

True diff, agitude | 8 3 


Diff. long. by account 7 3 
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Ex AM. III. Suppeſe on the 13th o of April 1772, on board a Ship in lat. 
9% V. and long. 50 M. of Greenwich by account, with a watch and inſtru- 

ments well 1 the = — obſervations were taken of the Star Pollux 

and the Moon's ne gy then to the eaſt of the Star, the height of the eye 

being allowed for: wired the Ship's true longitude, 

Time gh. om. 22 Alt, Ds lower L. 16® 457 o Alt. & 54 503 diſt. 452 12. 


9 7 r 54 20 43 14 
2 1 53 59 _45 16 
27 21 Sum 48 45 30 Sum Le == 135 42 
Meang 7 7 P. M. mean alt. Y 16 15 10 + 54 20 "45 14 


Now Sh. tim. gh. 7m. P. M.+ zh. 20m.W.—12h. 27m. F. M. Gr. tun. (57) 

At this time by Alman. the Y)'s ſemi-diam.—16' 26” 
and 4 parallax—60 18. _ 

Then 45˙ 14” +16/ 26// =45* 30/ 26” the apparent diſtance. 

And 16 15 10416/2670 = fd . 575 the alt. of the Moon's center. 


Alſo rad. : 5 16% : 600/18“: 5 the paral. in alt. by the Gunter. 
Now diſt. 45% 30 26"; itszis 22 45" 13” } * 54% 20 O 9 16317, 367 
*'s ap. alt. 54" 20 1 — 3 2 L 
)'s ap. alt. 16,324 3 | 54 19 19 16 28 25 
Diff. 37 48 24 | 2 40 Par. T 57. 1 
£ Dif, 18 54 12 ap. alts. pill. 26 53.39 17 25 40 

IS: | 5 18 26 50 diff. — 

Ls 32 45 13 0,41254| 953749 Lys 22% 45" 13 

L, 18 54 12 2.81050 „ 

Ly, It. arg 9,92304 9373747 , iſt. arc 


9.32493 Ls, 2d arc 
9,32493 Lys 2d. * 
. | 0, 23428 Ls 2 ad * 
 ©,o01832 ba. 1 bo 136% 
18, 90246 L, 3d. arc 
9.76584 1, 54 19 19 
227959 Lys, 17 25 40 
385 8.54789 L, 4th. are 

| | | 19,32394 + L, 4th. arc 
Er, Ach. arg 19.32394 22? 1, 18 26 50 

5 | | 982367 Lots an arc 


LS, * are 5 9.24390 
2 Diſt, 22 20 52” 9.5 8ο 
44 41 44 the true diflance. | 
Again, by the Nautical Almanac 1772, April 13th; 
The Gk. at 12h. is 4% 28' 30"=a and 4 28 30” g. 
| at 15h. is 46 13 32 =B 44 41 44 at Ship, 


Diff. 1 Zig 2” © 13 14 
Now (I. 40) 105” 027==105,033; and 13 14 213,231 
Then (I. 35 As 105,033 : 13, 233: : zh.: 5 22m. 40ſ. time above As 
IS time 4. 
12 22 40 Greenwich time. 
g 7 o Ship's dme. 
True diff. longitude 3 15 40 
By acc. diff. long. 3 20 © 
Error 4 20=1* 5 
Aa 4 112. MzTHoD 


( 


- 
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112. METHOD XI. Te find the longitude at ſea by an obſervation of the 


diſtance only. 


PrxECEPTS, 


iſ, Find the Greenwich time: to which, find (57) 
The right aſcenſions and declinations of the Sun and Star, 
The right aſcenſion and declination of the Moon, 
And the horary angles between the meridians of the ſhip, 
Moon, and Sun or Star, 4 
2d, With the Sun or Star's horary angle, the polar diſtrnce, and the 
| ſhip's co-latitude, find the zenith diſtance. (IV. 253) 
With the Moon's horary angle, her polar diſtance, and the ſhip's co- 
Al latitude, find her zenith diſtance. (IV. 253) 
| 3d. Theſe true altitudes are to be altered by adding the refractions, and 
ſubtracting parallax (in the Moon's), to have the apparent alti- 


| . OS | 
4th. With the apparent altitudes, the true altitudes, and the obſerved diſ- 
tance, find the true diſtance. EC 5 (108) 
5th. To this diſtance find the Greeyfvich time. (x09) 

hben the difference between this time and the ſhip time is the 


difference of longitude. 


REMARK s. 


The right aſcenſion and declination of the ſtars are found for the year 
1780, in Art. 312. Book V.: to which are to be applied the yearly varia- 
tions, taken as many times as years ſince 1780. os Res 
The right aſcenſions and declinations for the Sun are found (in tables 
V. 309, 310, or) in the Nautical Almanac for the noon of each day; and 
for the intermediate times by proportional parts. (V. 283, 284, 288). 
The right aſcenſions and declinations of the Moon are given in the 
Nautical Almanac for every noon and midnight ; the parts for interme- 
diate times may be found accurately enough by proportional parts. 
The proportional parts for right aſcenſions and declinations are readily 
found, near enough, by the table, Art. 311. Book V. ; 


The horary angles are found by the following precepts. 


The ſhip time in degrees, added to the Sun's right aſcenſion in degrees, 
gives the right aſcenſion of the mid- heaven; rejecting 360 degrees, when 
the ſum is above that number, 3 gn 
The horary angle at the Sun is equal to the ſhip time. 
The horary angle It a Star is equal to the difference between the Star's 
right aſcenſion, and that of the mid-hea ven. . 
The horary angle at the Moon is equal to the difference between the 
Moon's right aſcenſion and that of the mid-heaven. 
Note. Thedeclination of an object, applied to go degrees, gives the po- 
lar diftance of that object. | | 4 | 


EXAM. 


Book IX. 


EXAM. I. 1772, November 15th, at 21h. P. Aa. ſuppoſe in a ſhip, in 
latitude 30* S. and longitude by account 7” E. of Greemwich, the diſtance of the 
neareſt limbs of the Sun and Moon was obſerved to be 112* 260 10“ | 
was the true longitude of that ſhip. 4; 

Ship's time, 2 10 o® P. M.—ob 28 E. 20 32® P. M. Greenwich time. | 
Nov. 15- O's 1 diam.=16' 14"; )'s 4 diam. 15 34” ; hor. parallax 57 7”. 


For the Sun's right aſcenſion. | Fur the Sun's declination. 
1 23 36 Bi 4" 85 _ 4 37 UE, 14 54" 
20 : 20) ga" f 4. C. gn 3% [24> 20 3a“ 14 34 1 45 + 
Pg. 1 >" 43 37 
@'s right aſcenſion 15 28 54 | ; r 
. Or 232% 13 300 O's declination 18 56 20 8. 


For the D's right aſe n. 


Nov. 15. mid. ) *sr. a. 118% 1% 


12:8 32 :: 6038: 4443+ 
EN 118 17 


— — 


| 


J's right aſc. 123 © 


Ship's time 


DAYS WORKS. 313 


For the ) 'r declination. 
15˙ 41 3: o . 
5 — diff. 10 15 
1515 053 
15 41 
) 's declination 14 48 N. 


315 0 | =21] hours. 


0 O's right aſc. 232 13 30 4 
547 13 30 
IF 4 60 
D's right aſc. 223 & 
D 3 horar, ang. A 04 I 3 30 | | i 


For the Sun's altitude. 
_ Given Q's £==45%; its 3=22* 30. 


240 22 30 2,4 ——5 
5 Pol. dif. 71 3 40 Lys, * 9.97583 
Co-lat. 66 © is 9893753 
Diff. 11 3 49 39-07904 
„  19-53952 19453952 
FW 5 3150 Ly, 8.98397 


3 
G. Ps = 13 30“; its 22325745 


| 


9,98380 10,5555 
— —— — f | 


2 47 9955572 


7 


| 


47 515=0Q's true altitude. 


8a = O's zen. diſtance. 2 


For the Moon's altitude. * 


x 220 6X | 972557 
LET CE 
Co-lat. 66 © ., 9.93753 
* 44 48 39+37402 
4 diff. 22 24 . — 
_ 9.89609 10, 10601 
389 10“ oo” ' 979098 
| 76 200 's zenith diſtance, 
FF 's true altitude, 


7. 


D 


— 2 


: er 
— 
, er 


* 
> , _ 


38 
i 
"Wd 
N 
* 5 
197 9 
? CES V4 | 
"I "=; 
: N — 4 
#* \ 1 
ö „ 
* 4 +. 
o Y , 
, [1 
4 4 
i t 
* 
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To find the true diflance of the centers of the Sun and Moen. 


Now 112 26 10” +16 147 + + 15 35 =112® 57" 58'—apparent diſtance, 


Diſt. 112 57 58; its 4 = 56* 28 
© 's alt. 37 30 oÞ's alt. 14* 31 © 
A $3 > 128 


47 


Ap. alt. O 37 31 15 14 34 32 | 


Ap. alt.) 13 3932 Par.55 © 


—— — 


23 5143 13 39 32 
11 55 52k diff. app. alts. 


Un 56 28 59 dogs 
17 11 55 5% 9.37541 


| 


5. 1ſt are 9039439 


1 


© true alt. 37 30 
N true alt. 14 31 


—— | 


23 $9 


2 diff, true alts. 11 59 30 


9,9210 Ls, 56˙ 28 5. 


9.98621 8 25 are. 


1 ach are. 199048 
175 5th are. 9, 98604 
| —— 

56 22 | 9.92044 


: 


9,90723 175 2d. arc. | 
0,10066 1 f, 3731 15% 
o, 1246 1, 13 39 33 


119,92758 ws 3d. arc. 
989947 Lf, 37 30 


| 998592 1431 
39-81296 Ls 4th are. 


1 


19 90648 ZL, 4th are. 


9.31758 1 11 59 30 


ae Lots 5th arc, 


| 


112 2. 44 the true diſtance of the Sun's and Moon's centers, 
* Longitude. 


Nov. 15. at 18> diſt. 1130 517 . | 
e 112 21 8 


* 


113% gr 27” 
EW 20 


19 x e. 


: 30 19=g0' 
Now (. 40) 9% 19'= 310 R 


And (I. 46) 90, 316: 67,45 3 1 


an 14 38 


— for the was tht. 20 14 38 5 


Ship's time for that diſtance 21 


Difference of longitude in time © 45 22 


In degrees, dec, | 11 20 30 E. 
Diff. longitude by reckoning 71 8 


Error in reckoning 4 20 30 3 
o x * — — F . 


Book IX. 


Book IX. DAYS WORKS, ne. 


i II. Næuember 9, 1969, a Ship in latitude 25% 17 N. longituds 
| 47 14 W. of Greenwich : * erved the diftance of the 2 Aquila to be 58 
354 fromthe Moon's neareſt limb, at 65. 31m. 4/. apparent time : 3 
the ſbip's true longitude, 


Now 6b 315 2 P. M. 3 gm $6*W.=gh 40” P. M. at Greenwich, 


_ For the Sun's right aſcenſion, 
Nov. 9. © R. A. 14 599 477 diff = po 


* 1 3 : 3 
Tuben 24:9 40:43 1384 
14 59 47 


15 r 25==225" 21” 
Fur & Aquild's right Henle. For & Aquila's right declination. 
1764. K I 19h run 4655 X's declination 815 41” 
x years variat. + < 5 years variation -. 
1769. KR. A. 19 39 "Ange 52. 1769. * 's declination 8 16 23 N. 


| For Ds right aſcenſion. =» For J's declination. 3 
Nov. 9. n. PSR. A. 348 5 Nov. 3 -< 4h diff. 2 36 


9. n 354 3 je * "oh 
Now 12: had 5th #+ 12: 5 40: 2230: 2 &+ 
348 16 0 38 
2's R. A. 353 18 — 2 44N, - 
Ship's-time 979. 46'/=6) 31 4 F 


Sun's right aſcenſion 225 21 


— — — 


R. A. mid. heaven 1 323 7 


Star's R. A. 294 $2 353 AR. A. 
— — 
30 11 )'s caſt of meridian, 
TJ find the Star's altitude, | To find the Moon's altitude. 
 Givenh. moet 15” Given h. 430% 11 


941559 
9.41558 
xf. 1 47" 15 9.99546 »'s P. D.87* 227 Lv 999981 

 Co-lat, 65 — - $9580 88|Co-lat. 65 45 Ls 9.35988 


—— 


Half = 14 72 21 1222775 & pol. . =15% oz 2157 1 


| 


Dis 558577 38% 305 Di. 2 3 38,9055 
a | 9,36513 49,3673 8 19939527 19,3932) 
4 Diff. 7 59h Ls 9½ 14492; Dif. 10 451 * 9.27106 
3 | — 
9793333 * | 
1541 9.43180 | 


| 
Zen di. 31 ns 58 kt an 


88,23: 21,716 2 32 : 0 43" 32 . i 
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757 find the true diſtance between Aquila and „en center. 
Nov. 9, 1769. ) f z diam.=15' bx. Dift. of centers 5 88e 51" 37 
Hor. paral. 58“ 12. Then rad. : » $3 ::5T 12“: 34 300, by Gunter. 
Diſt. 58 5 v * its Z 29 25 * [*'s alt. 58 38“ o ps 53 39 v 
©'s alt. 58 38 Rer. . o35 +." 042 
* 1 
Dif. 5 o * r 
3 =: x. EE 
38. 2 36 of the true alts. Iz iff. 2 47 12 app. alts. 
1. 2925˙ 48” 0,30860| 9,69149 Ly, 29% 25 48". 
15, 2 47 12 8.68679 1 
E 1 | 9.68926 3 2d. are. 
9.68926 1 , 2d. arc. 
9.837 Ly, 58 38 35 
| O,22125 L's 53 4 12 
. . 
19,8834 L, 3d. are. 
9.71643 ws 58 38 
| | 92730 1, 53 38 
| 39-37292 L, 4th arc. 
Zr, 4th re 19,8646 19,68646 2 L, 4th are 
8 8,63938 1, 2 30 
155. 5th are. 9-99825|11,04708 Ly, gth are. 
29 11 40 9.68821 3 | 
— | 
58 23 20 the ere diſt, of X from D's center. 
- mw the 2 
. 59 29 31 | E 73 
1 28 14 = 88 IP : | 
Now, (I. 40) 1 28 enges, 3 and 21 43 221716. 
And, (I. 46) 
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BE OE e 
Of a Ship's reckoning. 


113. A Snir's RECKONING is that account, by which it can be known 
at any time where the ſhip is, and on what courſe or courſes ſhe muſt 
ſteer to gain her port, / 1 bogs = 

114. DEAD RECKONING is that account deduced from the occur- 
rences, which are written on the log-board. 

The Loc Board is a large ſquare board, or pannel of wainſcot, 

zinted black, on which is written in chalk whatever is thought worthy 
of notice from day to day ; and for a proper diſpoſition of ſuch notes, the 
board is uſually divided into five columns. The column on the left 
hand contains the 24 hours from the noon of one day to the noon of the 
next; in the ſecond and third columns are the knots and fathoms the 
ſhip is found to run per hour, ſet againſt the hours when the log was 
hove ; the fourth column contains the courſes the ſhip ſteers ; and in the 
fifth, or right-hand column, is written the winds, the alteration of the 
fails, the buſineſs doing aboard, and what other remarks the officer of the 
watch thinks proper to inſert. For it ſhould be obſerved, that it is uſual 
to divide a ſhip's company into two parts, called the ſtarboard and lar- 
board watches, who do the duty of the ſhip for four hours and four hours 
alternately. „ th 5 

The 4 Book is a book ruled like the log- board, in order to con- 
tain the daily copies of the remarks written on the log-board, which is 
the only authentic record of the ſhip's tranſactions; and theſe are, by the 
perſons who keep Fournals, tranſcribed every day at noon into their log- 
ran, from which they make the neceſſary deductions relative to the 

p's place. | . „ 

11 72 SEA JOURNAL is a book, in which is truly entered the moſt 
remarkable daily occurrences relating to the ſhip during her voyage out- 

ward and homeward. | | 
There are various ways of keeping ſea journals, according to the dif- 
ferent notions of mariners concerning the articles proper to be entered. 

Some writers direct to keep ſuch a kind of journal, as contains only 
an abſtract of each day's tranſactions, ſpecifying the weather, what ſhips 
or lands were ſeen, accidents on board, the latitude, longitude, meridional 
diſtance, courſe, and run. Theſe particulars are to be drawn from the 
ſhip's log- book, or that kept by the perſon himſelf ; for moſt good ma- 
ners keep private log- books. e N44 Fa 

Other authors recommend the keeping but one account, including the 
log-book and all the work of each day, with the deductions drawn from 
it. This method is adopted in this treatiſe, becauſe it repreſents to the 
beginner the whole of each day's work: but when he is well verſed in 
this method, he may abridge what part of it he pleaſes. But it is con- 
ceived, that a journal neatly kept, with all the particulars of the work 
commodiouſly-ranged, will give more ſatisfaction to thoſe who may after- 
wards have occaſion to inſpect it, than a journal containing the heads only, 
with all the intermediate parts ſuppreſſed. a 

The method here made choice of, to introduce the young mariner into 
this capital part of navigation, is, by ſhe wing him firſt how to — few 

I; +, | | | 2's 


ſeparate days works independent one of another, and then to 
a continued journal of ſeveral ſucceſſive days works ; for * 1 * 


oi 
which it was judged neceſſary to premiſe the following r " 

116. I. Mariners reckon time in the aftronomical manner, beginnin Requ 
at noon, and counting from thence 24 hours to the next noon. The fu ! 
12 hours, from noon to midnight, they mark with P. M. ſignifying after 1 
mid-day; and the ſecondor 2 hours, from mid- night to noon, they mark ] 


with A M. ſignifying after mid-night; and end their day's work on the 
noon of the nominal day. Hence their ſhip account is 12 hours earlier 
than the civil account of time; and conſequently the Sun's declinati 
and other daily aſtronomical matters fitted for noon, muſt be ſought for on 
the day according to their account of time: but if they are wanted for 
any other time of the day, they muſt be taken out for the day which pre. 
cedes the given nautical day, which they are wanted for. ny 
Thus that day's account which is marked Sunday the gth of October, 
on Saturday noon, and ends on Sunday noon. 
[. If there is an obſervation for an amplitude or an azimuth, let that 
amplitude or azimuth be worked as is ſhewn between Article 22, and 28; 
and then find the yy” as is ſhewn at Article 29 ; taking care, in theſe 
rations, that the declination for the proper day, time, and longiti 
| be uſed as ſhewn above, and in Book V, article 286. ; — 
III. Correct each courſe by the variation thus found, as at Article 303 
alſo correct theſe corrected courſes by the proper allowance for leeway, as 
is ſhewn at Articles 31, 32. D 5 Eos 
IV. Write theſe corrected courſes in a Traverſe Table, ſum up the 
knots and fathoms, allowing eight fathoms to a knot, belonging to thoſe 
hours in which the ſhip kept on the ſame courſe, and write the ſeveral 
ſums as diſtances in the Traverſe Table, againſt their reſpective courſes. 
V. Complete the Traverſe Table as ſhewn in Book VII. 36, find the 
preſent latitude and longitude as ſhewn in Article 72, 73, 74, Book VIII. 
and the following examples, and then will the ſhip's place be obtained by 
dead reckoning. ; | 1.1 
VI. The preſent longitude each day may be found either by middle 
latitude of by Mercator's failing ; the one being preferable, when failing 
nearly on a parallel of latitude, and the other when failing near the me- 
ridian. In what follows, Mercator's failing is uſed, when the courſe is 
leſs than five points, and middle Jatitude failing when it is above. 
VII. As the greateſt trouble in uſing the Traverſe Table, is to find a 
correſponding difference of latitude and departure, or meridional differ- 
_ ence of latitude and difference- of longitude, nearly equal to two given 
numbers, it has been judged proper to annex the two firſt figures of the 
natural tangent of the courſe, to the degrees at the top and bottom of the 
| Traverſe Table (VII. 67.) ; by which means the courſe may be found 
1 | with greater facility from the diff. of lat. and departure, or from the 
merid. diff. of lat. and the diff. of long. Thus: Add cyphers to the de- 
part. or to the diff, of long. and divide by the diff. of lat. or by the merid. 
diff. of lat.; look for the two firſt figures of the quotient amongſt the 
numbers annexed to the degrees at the top or bottom of the Traveric 
Table, and the degree where it is found is the courſe or bearing ſought. 
2 Les $73 merid. — lat. and 353 diff. of long. be given to find the 
courſes. 353, with cyphers annexed, being divided by 672 gives „53 in 
the quotient, which is found annexed to 288 the — — 1 
4 117. ExAM. 
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117. EXAM. I. Auguft 25th, 1995 Yeſterday noon we were in the lati- 
tude of 46* 28 N. longitude 2.2 18” W. and have failed till this day noon 
as by the lag-boarg, the tide having all the time ſet S. b. E. 24 miles an hour: 
Required the ſhip's place, and the direct courſe and diſtance made good. 


Js | 8 a Rs 
| | | | 
 LoG-Boaxrvd. Traverss TABLE. | 
IIK. F-{\Courſes.|W inds.| | Courſes. |Dif.| N. | S. E. | W. | 
[3] 6 3 NNE. | Wett.| | NNE. [| 31 | 28,6| . | SR 
a| 6] 2] ME..... "64 £77 £22 — — 
3 6 0 8 i | E. b. S. 36 7,035.3 bt 
4 6 4 f Hb SSE 51 47,1 19,5 | 
[5] 6 © 2 S. b. E. 60 58,8 | 11,7 
6| 6] 1 ENE. | NW. | 42,0 [112,9] 110, Dep. | 
7 6] 6 1 | * 42,0 } | 
* 1 = — D lat. 70,9 4 4 
E L. wk r 
I —- LJ . ] » KAP.=ng 
I 22 Diff. lat. 11 E 
d — N | | 
[22] 5} 3Þ E- b. 5] Nori! Pref. lat. = 45 17 N. M. P. 3054 
14 12 3 g | 4 —. | — * — 
E R Sum lats. =91 45 M. D. lat. = 102 
= 6 = | 13 2 | | . 
5 614| _ 2 Co-middle lat. = 44 08 
6| 7] ©] SSE. | - ppm 
7 6! 5 . Dep. longitude = 22 18 W. 
I; 713 I] Difference long. 2 39 E. Or 2* 40. 
2 * 2 Td Res Preſent long. = 19 39 W. 
0 | — — 
5 OS Direct courſe S. 571 E. 
| 1273 [of Diſtance = 131 miles. 


The courſes and winds in the log-board being examined, it appears that 


the ſhip goes large, and has no leeway ; therefore the ſeveral courſes from 


the log-board are entered on the Traverſe Table without alteration. 

Next, the fathoms and knots belonging to each courſe are ſummed up, 
and the reſults are put in the column of diſtances in the Traverſe Table; 
and to theſe courſes and diſtances the whole difference of latitude and de- 
parture is found. . 5 n 
Then the preſent lat. is found by VI. 51; the co-mid. lat. by VIII. 453 
the greſent long. by VIII. 64; and the courſe and diſtance by VII. 33. 
by Me s having found the preſent lat. find the meridional diff. 

lat.= 162 by VIII. $52; and the courſe and diſtance by VII. 33. 


y . 
1 n the diff. long. being found by VIII. 65, will be 2 40, differing 
latitude. _ 


by ane mile from that found by middle 
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| the ſhip is cloſe hauled on each tack, and one point lee way being atlow- 
ed (32) reduces the courſes to S W. b. S., S. b. W., SE., SSE., and take a 
_ courle for the current S.: theſe ſeveral courſes being corrected by Art. 30, 


the whole difference of latitude and departure is to be found as before. 


middle latitude, or Mercator's failing ; for as the ſhip is ſo near the equa- 
tor, the difference will be almoſt inſenſible. | | 63, 
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30" F. and longitude. 100 15/ E. we have failed lhe 47 noon, ” 28 
log-board, in a current ſetting S. 21 miles an hour, the variation 14 = 
weſt : Required the ſhip's place. 2 int 
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Dep. long. = 10 15 E. 8 
Diff. long. = 1 0 E. Or, 11 E. 
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Preſentlong.= 11 17 E. 
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AY | | 1 Courſe is S. 18 30 E. 
ity | | * | Diſtance is 1 74 miles. 


The courſes and winds in the log-board being examined, it appears that 


for the variation 14 point weſt, give thoſe in the Traverſe Table; to which 
And hence the preſent latitude and longitude may be found either by 


If a greater accuracy is required, which is very rarely wanted, efpecialh 
in ſuch ſmall latitudes, the diff. of long. 5 8 
ſhewn in Book VIII. 77, 78, and thence the whole diff. long may be col- 
lected; but there will be no material difference found by ſuch operation. 
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119-*£x4AM- Uh... Y;ferday, noon tue were in lat. 33 400 N., long. 16 
20/ V., the jw Vas. | ed to ſet 50˙ 18/ from the north point of the com- 

; ; we have fail till this day noon, as per log-board, in a current ſetting 
VS. it mile an hour :: Neguired the ſhip's place, and her courſe and diſ- 
tance to the weſt end of the Iſland of Madeira, June 4th, 1772. 
— —————ů——3—K«jr — 


= Txaverss TaBLe. 
'f ds. | Courſes.\Dif. N. 23 Wi 
7 W. | Wel 28 S.1*E.[40] | 400) 57 | 
22 -—'Þ oF F 8. . 170" NEL | 122 | 
1 2 — as — — 1 ; L. 44 — 2 41-7 — 42-3 
4 AI . —— 29:5 | 
— — . 
. 
#7 2 { = - "80 | . ; Dep. TR 1 
422 | Before the courſes can be corrected to put 
9 71-41. in the Traverſe Fable, the variation of the 
10 25 compaſs muſt be found from the Sun's true 
1174 amplitude; which may be done by article 22, 
2 87 or by working the proportion in article 23, 
F either by logarithms or the Gunter. 
2 une 4th, 1772, the declination is 22 32 N. 
2 88 As coſ. 33 400: rad. :: fin. 22 32“: fin. 270 22 
35812 So that the true amplitude — 62 38 W. 
4 7 J Mag. amplitude * 30 10 
5 8 < b — 1.29) Variation | = 12 20 
7 6| 2 = | -Fhe courſes in the log-board being cor- 
E 5 5 | - [refed by this variation and the lee-way in the 
I 8 ra. 224. courſe, will give the courſes fitted for the 
40 2 3 X A Traverſe Table. „ | 
— | ni ef — — J 3 
1868 . 4. | Madeira's lat. = N. 2o0q8 
f 4260 n Preſent latitude = 30 49 N. 1945 
- Depart. latitude 33 40, N. Diff. latitude = 1 36 113 


Diff. latirude == 2 51 5+ Sum of latitudes = 63 14 


Preſent latitude = 30 49 N. Middle latitude == 31 37 
Sum of latitudes -. 64 29 Co-mid. latitude= 35 23 
Middle latitude ==, 32 14. Madeira's long. = 17_ 21 W. 

Co- middle latitude = 57 46 Preſent long. = 17 56 W. 
Depart. longitude © = 16 20 W. Diff. longitude — o 35 E. 
Diff, longitude „ 36 W. | The courſe (57)==N. 172 15 FR 
Preſent loagitude © = 17 $6 W.] The diſtance = 101 miles. 

In the work for the amplitude the lat. at Sun-ſet was taken the ſame 
as at noon ; for although there were about 46m. of ſouthing in that time, 
and fo the lat. at Sun-ſet was about 32 54, yet the amplitude being 
only about 15 leſs, the alteration in variation would ſcarcely affect the 
diff. lat. and dep. found from the courſes ſo corrected: | 

Vor. II. B b — 120. Ex Axt. 
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120. Exam. IV. Being y noon in lat. S., 
this forenoon tue ELA CEE w 


e 


iled till this day day noon, as per 
= WNW. +} mile an hour : TEE 


| : | 


ets. tr. AM de Ad 


% SL TYP IU * Ss 142 132 41. | 
TIE-[F-[Courtes[Winds. | TNT] : | 
4] 6| 7/N-b-EJET 6 N. 35.9. 
2} 6 1. 1 
FEE S127 f 
EE | TRE 
EEE BEE {_ 
EE Before the courſes can be c 
854 muth muſt , 
5] of oa . go? go® 
2 At 3 Decl. 2 30 |Alt. 
„ RAE ON rom 77 85 
42 —— gm 
EI 4 
| 2 of — . Ther b the Gunter, — "Ib 585 B 
3.6] 4 — on the ſines, will reach from 70* 30 
421 | Ito ſome point beyond ge” ; reſt one foot there, | 
Ir a3 aud extend the other to 47 19“; this extent 
51 714 —— — will reach from the beginning of the verſed 
— <= — fines to the verſed fine of 67 the azimuth 
|Z| 4 2|——|——] from the fouth. Hence the variation will be 
82.1 30 W.; with which the courſes in the 
9] 7} Zj____ (log-board are to be corrected; as well as for 
10 7] © __ 5 3 the ſhip being cloſe hauled. 
11} 6 Mo For the bearing and dift, of St. Helena. 
12] 6] 0) | ® St. Helena's lat. 2160 S. M. P. 973 
| Fir the ſhip” 2 Ppreſent latitude =17 25S. 1064 
Depart. latitude = «4 30'S. Diff. latitude = 1 25 I 7 


Difference of latitude = 2 og S. Sum latitudes zz 25 
Preſent latitude == 87 Mi S. Middle latitude 216 42 
Sum of latitudes = 36 55 [Co. mid. lat. ==73 18 


Middle latitude = 1 27 _ |St.Helena'slong.—5 53W. 
Co-middle latitude = 71 33 Preſent long. = 1 26 67 

Depart longitude = O 10 E. Diff. long. 

Diff. longitude = 1 36 W. Courſe N. 71® TE gon 670 
Preſent longitude 1 25 W. - Diſtance 270 miles. 


Here the — is 1 with yeſterday's lat.; if it had been 
worked with G been 25 


5 . 
a. l 0 
n ; S - » 
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err gh the coruaſinnces which exp getidly 
attend a day's work, i in mon voyage, are introduced. e ſhip 
js taken from the River conducted through the Downs, down the 
Channel, and from thence over the Ocean, until ha -<p% i 


of her port; 


produce the bearing and 
diſtances of the places mentioned ; and veſſels frequently keep a track 
not very different from that which is here aſſumed. + — 
obſervations are adapted to the times and places where are put down ; 
and it is apprehended, that the whole is condudted in a manner, as 


might poſſibly have happened, 


Is ul in Journals to mark the an of the week wit the charac 
2. — 


Bb2 0 JounnaL 


Variable: 


2 DAYS WORKS. Boch IX. 


JobnsaAt of 4 Voyage from England, toward Madeira, in bis 
Majeſty's Ship the Neptune, Lucius Mantev, EA: Commander, 
kept by Francis Drakes, Maſter s Mate, 1772. 


Winds. ee e Rua U 
W. b. W.] 1. July 2d. At 2 P. M. the Pilot came on board; or- 
dered the ſhip to be caſt looſe from the ſhear-hulk at Dept- 
NE. | ford, and made fail down the river. At 5 P.M. made faſt 
2 to the ſhear-hulk at Woolwich, the wind not permitting us 
NNW. to proceed farther. At 4 A. M. caſt looſe from the hulk, 
and at to anchored in -Reach ; moored with a cable 
each way 5 1 HE 
| 2. July 3d. Employed taking the gunner's ſtores on 
NW board. d the articles of war to the ſhip's company, and 
f puniſhed Simon Sturdy with 12 laſhes, for drunkenneſs and 
 _ | diſobedience. Fine weather and moderate wind, 
I . July 4th. Light airs and fine weather. A. M. un- 
W. b. S. moored, and ſailed down the river to Graveſend. At noon 
anchored with the ſmall bower +4 in 6 fathoms. _. 
| ©. July 5th. At 6A. M. weighed and turned to wind- 
| NNE. | ward down the reach; and at noon anchored in the Hope, 
in 7 fathoms. Fine weather and moderate wind, 
I D. July 6th. Briſk wind and cloudy weather. At 6 P. M. 
Weſterly. | weighed and failed; and at 2 A. M. anchored with the beſt 
bower at the Nore, in 9 fathoms. At 7 weighed and ſailed. 
F. July 7th. At 3 P. M. came to in Margate road with 
NNW. | the beſt bower. At 8 A.M. weighed and made fail. Briſk 
Wind and hazy weather. 9” „ 


8 8 


tt 


—— — 


$. July 8th. At 3 P. M. came to anchor in the Downs 
ger! in 7 fathoms, and moored with a cable each way v. The 
weſterly. town of Deal bearing WNW. and the South Foreland 


a_ 


III is cuſtomary on board ſhips of war, as well as other ſhips that make 
long voyages, to have four large anchors, nearly of the ſame fizz, called the 
ſmall bower, beſt bawer, fect, and ſpare anchors ; the two ficſt being always 
ready at the bows of the ſhip to moor with, or to let go as occaſions require. 
The other two are ſuſpended over the fide farther aft, near the forc-chains, to 
be uſed along with the former in very bad weather, or to ſupply their places 
when they are loſt, Beſide theſe, each ſhip of war has three ſmaller anchors ; 
namely, the ſtream anchor, which is about one-fourth part as big as one of the 
former, and two kedge-anchors, with cables and hauſers proper for them, to be 
uſed in warping the ſhip from place to place, into and out of harbours, or to 
ſteady the ſhip on ſome occaſions. „ 

* When a ſhip is moored, the lies in the mid-way between two anchors ; and 
when ſhe is mored with a cable each way, the anchors are two cable lengths, or 
2c0 fathoms aſunder, and the ſhip rides in the mid-way between them. To 
lace a ſhip thus in a ſtream, or in a tide's way, one of the bower anchors is 
et go, and the length of two cables veered out as the ſhip falls down the 
ſtream ; the other bower 1s then ler go, and the cable veered out as the other 
is hove in, until the ſhip is in the middle between the two anchors. | 
; | * 


Bock IX. 


DAYS WORKS. 325 
Feurnal from England toward Madeira, 1772: 


. der foot. 


* | REMARKS. 


S V. d. * ſent the MC IDE Moderate wind and 
c:oudy with thowers. 


u July gth. The former part of theſe 24 ; hours briſle 


w:nd and cloudy weather ; the _—_— ſtrong gales with rain. 

at 6 P. M. got down the top- t-yards, At 8 {truck the 
* [yards, top. maſts, and top-gallant malls. At 2 A. M. ex- 
ceeding * wind with rain: let go the ſheet- anchor un- 
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K. 
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North. 
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oy i, and got up the yards and top-maits. 


g July roch. More moderate : P. M. dove up the ſheet= 
A. M. over- 
hauled the rigging, and ſet it up. Cloudy weather with 
cm rain. 


— 
3 July Iich. Briſk — and flying clouds. P. M. 
ſtowe d che boats, cleared the decks, and made all ready for 


going to ſea. At 6 A. M. unmoored. At 8 weighed and 
failed; and at noon the South Foreland bore N. - diſtant 


* Journal rom Bab toward Madera. 


# "Remarks on ©, Joly 12th, 222. you [. 
7.” Little wind and fine weather. . 


Fairlight point N. b. W. about 4 miles. 
Moderate wind and clear weather. 
Beachy head N. h. W. about 6 miles. 


Bride gales and cloudy. == 
| [Took tn a reef of each v un PA 


Bembridge Point ! NW. 5 5 leagues. 
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Ho.|K.| F. | Courſes. | Winds. | Remarks on Þ, July 13th, 1772 | 
| | 7] 6 | WNW. N. b. E. [Freſh gales and flying clouds. 
2 716 a. } Dunnoſe WNW. about 7 miles. 
3] 7] 5 hon 1 
3822 North. 155 | 
#6 | [The bill of Portland NW. b. N. 
{ 8| 7| 4 |WNW.zW.| N. b. E. Shortened fail. | | 
110 61 ö | 
1116 9 | 
1246 W 
1 5 
25 
35 2 
4 wind 
—54-4f 
6442 t 
8 6164 | | {Briſk wind and fine weather. 
10 6] 4 | | 3 
11 6 5 - | Merid. alt. S's L. L. 61* 2877S. 
12| 6| 5 1 Ram-head NE. 13. | 
Torte. BH. B. LJDep. | Lat. in. | Long. made.[Bcarings and dill. at noon. 
183 W. 15 127 74 [50 5 N. o* 12 W. am-b. NNE.- TE. 5 leag.| 


ere the meridian alt. of the Sun's lower limb being 61* 282” S. the refrac- 
tion (55) will be 30” to be ſubtracted. Suppoſe the height of the obſerver's 
eye to be 21 feet, and the dip of the horizon (55) will be 4 22”, to be ſub- 
tracted alſo. By the ſame art. the Sun's 2 on the t zth of July is 
15 47", to be added; conſequently the correction of the ap. alt. of the Sun's 
1.1. will be 117 to be added: and the true alt. of his center was 61® 392”: hence 
his true meridian zen. diſt. was 280 204 S. ; and as the Sun's decl. for that day 
will be found 2145 N. for the noon of a place 4* W. of London, the lat. of the 
ſhip at noon was 505 5 N. The Ram-head lies in lat. 50 18'N.: the ſhip is 
there fore 12“, 5 ſouth of the Ram-head. Moreover, the Ram-head bearin 
NE. 4 E. by compaſs, the ſhip may be ſuppoſed to have ſailed from thence SW. 
.; or, becauſe there are two points welt variation in the Channel, SSW. 3 W. 
true: now under 24 points in the traverſe table; and againſt 12', 5 in the diff. 
of lat. col. ſtands 16 nearly in the diſt. col. for the diſtance which the ſhip was 
1 * of + on at noon, and the true bearing of the Ram-head from her 
is NNE. + E. : 
Again, the merid. parts to lat. 500 18', are 3502,6, and to 5065 3483,1; of 
— merid. diff. of lat. is 1995s which —— ſought for in 45 A. of lat. 
col. under 24 points in the trav. table, will be found to ſtand againſt 11”, 8 in the 
col. of dep.: 11,8, or 12“, is therefore the diff. of long. which the ſhip is welt 
of the merid. of the Ram-head, the Ram-head being NE. from it; and this is 
alſo the /ong. made in this caſe. , Thus the ſhip's place is aſcertained at ncon, 
and her departure (as it is generally expreſſed) taken from the Ram- head. | 
But the method which feamen generally uſe in faking their departure from 
any point of land, is to ſet the point by the compaſs, and gueſs, as near as 
they can, how far the ſhip is from it. They then take the oppoſite point of 
the compaſs for the courſe which the ſhip may be ſuppoſed to have ſailed 
from that point, correct it for variation of the conipaſs (32), and with this 
courſe and the eſtimated diſt. they find the diff. of lat. and dep. as in any other 
| coarſe, and dil, run by the ss. na 
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- 


"WNW. In . 
NW. Brisk wind and clear. zh 


Wind as above: cloudy. is | 
| | | | X | 
SW, + 8. WNW. W. 
sw. b. 8. W. b. N. [Moderate wind and cloudy. 4 
| 5 F 1 s | | ] 
SW. b. W. NW. b. W.[Foggy, with driazling rain. $ 
1 ” | 


{ | NW. ZN. WSW. Z W. | 5 „ 


eee ede 


F Light Breezes and foggy. 
Courie.[DIt]D- TT Dep:\ Tar in. Long. made. Bearings and diſt. at noon. 
S.b. W. col 58 114 4 1 MNamh. N. 15 E. diſt. 2 4 l. 
' Here, the ſhip being cloſe on a The Tzgaverss TABLE. 
making little way a-head, may be — * 


make a point and half lee ue courſe. Dit. N. [S. E. W. 


: 


filled up by B. VII. art. 36. 3 — [58.2 [165 
Ia the traverſe table (VII. 67.) I find that 38, a ſtands in the diff. of lat. col. againſt 11,5 in the 
dep; col. under 110 in the courſes; conſequently the courſe made good by the ſhip for the whole 
day, is $..11*®W. Moreover, under this courſe, 58, ſtands in the IF of lat. col. againſt ſomewhat 

more than .59 in the col. of diſtances, which is therefore the diſtance made good in the whole day. 

Again, if from 50% 5F'N. the lat. in yeſterday at noon there be taken 53m, the diff. of lat. 
made fince; 8. there will remain 49® 7 N. for the lar. is this day at nogn, by account, and 
which muſt be taken as the true lat. in. becauſe there waz no obſervation, The mer. parts to 
theſe two latitudes will be found 3483, 1 and $3935 hence the mer. diff. of lat. is 89, 6, 
which ſtands in the ditf. of lat. col, (under 12% againſt 174 in the dep, col. 1 and 374 being 
Added to 12', the long. made yeſterday at noon, becauſe both are W., gives 29H: for che long. 
made this day at noon. a — | , 

. Fe find how the Ram-head bears, and its dit. from the ſhip, take 3393,5 the mer. parts to 
the.ſhip's lat. from 3502,6 the mer. parts to the lat. of the Ram-head, and their diff. 109,7, will 
be found in the diff of lat. col, againſt 29/,5z the long. made, in the dep. col. under 15%; con- 
ſequently the Ram-head bears N. 159 E. from the ſhip, becauſe the ſhip is S. and W. from it. 
Laſtly, 49? 7, ſhip's lat. being taken from 500 18', lat. of the Ram- head, e ves 70, 5 diff. of lat.; 

which, under 150, ſtands againſt the diſt. 23 miles, or 244 leagues, the ditt. required. - | 
= tn Bb 4 Fournal 
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— ˙ England toward Madeira. | 

Ho.f K. F. [ Courſes. Winds” f © Remarks on ©, July ich, 1 

T2] 4 NW. b. W. SW. b. W. Lin wind, and foggy w | 

2 | 2 
1312 NW. WSW. ; 
r Weather ditto. 

3 '1|6 | NNW. Weſt. PE. | I | 
1 S 2 N | I” p 

7 r | 4 | NW. b. W. SW. b. W. 

921214 

1024 

111214 | 
1212 _ F 
[r|r]s | 
21114 | | 3 © 

3 | 1 : | | | 1 5 ; > * 
8 | WSW. NW. Duto Weather. | | 
I5|1-|2| W. b. S. NW. b. N. F EB ; 
8 2 | 
S&E. | | : 1 1 | mw : f | 
81114 bi Very hazy : little wind. | 
| 9 2 2 | | | | e FA * i 
10 | 1 | 7 | WSW. | 1 
sl Weſt. North. | | t 
11214 | | Sg Weath. do. mer. alt. O's I. I. 62* 25 8. 
oui ſe. Dil. D. L. I Dep. Lat. in. Long, made. Beaffhgs and diſt. at goon, 
[S.53"W| ee 


By obierving che directions given for working the two preceding day's works, the ſeveral ope- 


rations will ftand as. follow. Noting- 
viz. from noon td 2 o'clock, and fr 


enly,that although the ſhip ran twice on a NW. b. W. courſe, 
om 6 to 8, yet that courſe is put down only once in forming the 


traverſe table from the log., becauſe as the ſhip. is at the ſame diſt. from the wind in both, and 
runs nearly at the {ame rate, the leg-way which ſhe makes, and of conſequence her true courſe, 
will be the ſame; but the diſtances which ſhe ran both times are added into one ſum, namely : 


44 and 34==8m. and put down 


againſt that courſe. On the contrary, when ſhe runs twice WSW. 


that courle is put down twice; becauſe being cloſe tu the wind one tine, and a point free the 


other, the would make more lee-way from 3 o'clock to 4, than the did trom g to 10, and there- 
fore the true courſes would be different; 1 


} points being allowed in the former caſe, and only 


1 


oy 


N. 259 E. "67,85 half of each 327 25 


Dip of the horizon ew 4 [__ The Iris Tank. 

+ (55) True courte. |Dilt.| N. TS. TE. T W. 
Es +3, — JNW.b.W.EW.1"'& [| 38 << 
Sun's ſemi-diameter . (55) 15 47 [ r 7. 
Difference | : SE 1 NW. þ W. ; 42.5 OR prong 3.11 
App - alt. @'s I. l. 6226 C 8. NW. Z W. 4 þ 351 — — 1,9] 
True zenith dift. 27 24 58. 8. 2 E.” 10 — 10,0] L,0| — 
Sun'sdeclination(V.309) 2: 26 to N. SSW, EW. 1 — 1489 o, 
Latitude obſerved & 48 50 15N. SW. b. S. WI 8 — 6,.2— 5,1 
Lat. from 49 07F” mer. pts. 3393 [8 W. b. S. 1 W.] 2 — 1.6] 1,2 
Lat. in. a 50 mer. pts. 3366.9 WSW. 7 — 2,7 4 6, | 
Diff. of long · o 35 W. 2555 DDr FF 3 27:1 3 — 
— 5 - . 8 4 > | 9.8 3 2. | 

For the bearing and diſt. at noon. 2 S. 5 35 W. diſt. 22.17.31 23.3 
Lat. Ramh. 50% 18/ N. mer. pts. 3502,6 | * t. from 49 717 N. | 
Lu. in =, 48 5o N. mer. pts. 33669 | Lat. in by ace. 48 56 N. | 
Dig. 3a r 28=83m. 2)1735, long. made=64,5m. "—- - 5 
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DAYS WORKS: _ 
Derr Anglers quanry Born 


j3 
A 


1. AL 5 A. e 17Þ. 16 was 174h- at Greenwich (57):| 
at +5 time the ſun's deck was 21 19 N. By working 
log. up to the time, the lat. of the ſhip will be found 47 — 
4g N., Hence the true ampl. of the fun at riſing was N. SW, b. W. 8774 6,6 
57 14 E.; that by compaſs was obſerved above to be_79 SW. 91 64.4 6 

30' E.; conſequently” the variation is 22% 10 W. (31) ö | 

Two point nearly. 


Trxaverst TABLE. 


ed, is due 8 ; and it is ſuppoſed che ip was fet that way 
12 miles in the-ag hours. 

3. The true lat. obſerved will be found 47* 23'N.; and 
a3 that by account is 47 2% N. the diff. of lat. by obſervations and not that by acconnt, muſt be 
vfed with the d departure in finding the courſe arid dift. ade good, and diff. of longitude. a 
Lat. fr. 485 N. Meridional parts 3366,9 


Diff. lat. 1 22==82m. I Mer. diff.lat—=1 r 
Fe, in.] Gives the g 8: 41 7 2 1 47 W. 
x 8 - Lwngit, made 2 31x) LW. 
Lat. Ram-hegd :50® 18 N. 'Mezidional parts "$5662, En is 775 
Lat. ſhip: 42. 23 28. N. Mendienal parjs 3244-0 35 
Dit. of lat. y '->2 "2 50. by Mer. diff. lat. 258,6; 4 parts 36,2 
One third part 50,7. Hence the Ramh. bears N. 33 E. diſt. 68 leag. 
Here, becauſe the meridional diff. of lat. and diff. of long. are greater than can be found in the 


table, one third of each is.taken to find the courſe ; W 
wann 2 7 


Ho. K. F. Courſes. | Winds. | . Remarks on 1. July — 1772. 'T 
„ | — — 
| 1 3} 6 W. b. 8s. Nord. [Moderate wind and hazy. — 
| 4 2 1 | Es 
3% | ww. | A great ſwell from the NNE. | 
45 Ditto weather. 1 
5 | Shortened fail. 1 
; a. | | ö 
711 1 BY EE ent 4 
8314 + The weather as above. 4 
E £4 T A | 5 | 
10 4 | | | | | | | 
[11] 5| | 111 1 1 
r INE. Ditto weather. 1 
| 5] * : ; | 1 
| 21] 4; + | | | 72 : if 
3 4 | Dy | | | 1 NY 
"al a | | Moderate wind and flying clouds. [| 
4| & 1 1 Sun roſe by compaſs N. 798 506. . 
8 =— | 9 16 W. WS. 
$B + N 1 Set e top-gallant ſails. 55 F 
; W931 Moderate wind and fine weather. B 
of 3] —}- eb 3 
10 2 4 | | 1 
I1 3 3 | The well continues from the NNE. j 
IVV 3 Dit. weath. Mer. alt. O's 1.1. 63 378. 
bart. 11% D. L. Dep. Lat. in. Long. made.] Bearings and diſ. at noon. 
ITE — 108\ "8 Fr yr iN. 25 517 W.iſRam-b. N. 34%.dil-681. | 


7 122 from the NNE. toward the 230. | | 80,8. 71 

muſt c the ſhip along with it; for this reaſon a 

courſe yp IO — traverſe, which variation allow- at. from 3 48* 500 N 
Diff. of lat. - 1 21 8. 


Lat. in by acc. N E: 


28 N. Meridional parts 3244-0 Long. from 1 Aw. 


1 
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8 


4 
8 


1 —— | Remarks 30 g. July 17th, 1772. | 


75 
by 


E. 


eather as abov 


14 | wSW. | NNW. wind and clear. Hauled down | 

2412 | lower ſteering fails] 

34142 | 
H 
18 uled down fore - top-maſt ſteer, fails. | 

7 ned up and handed top-gallant fails. 

9 

© 


| q 


2 


\ 


1 N e ee 
Jer hazy. Mer. alt. @fs 1. I. 64 30 8 
Long. jnade. zearings and dift. at noon. 
f 3* 23% W. [Ramb. N. 30% E. diſt. gc 
| TaBLt. 


„ „ * 


no 


25 e 


The Tzaverst 


"Dill. N. 


— — 


rrection maſt be made by art. 
th which, and the courſe 
I 7 miles. Moreoyer, 


SIR 22x MH 


Arte 


WORKS. | 230 


Book IX. T= 


K. F. . Remarks an hH, , July 18th, 222. 2M 
T1415 | South. | WSW.. Moderate wind, and hazy. * 
i 2 | 4 | S. b. E. W. b. 
2 
4 | South. W weather. 
n | 
E 44 { SSE. SW. Ax. @'s cent. by comp. N. $3 560. 
|7 | 3 | INW. b. N.] W. b. S. Alk. of his I. I. 15 . 
r I | 963 
| 9 [21 j} NW. VSV. 
10121 
11 1 | 
{12 | L | 
113 
242 
312 
4 | 24 
„a 
18 131 
| 7 3| 
812 
92 
1102 | 
11 1 2 1 
12 1 
Cou - | \ L . 8 
DN . . dit. 7 


5 | mo - 2828 
thence determine what var. muſt be True courle. 7+ E. 
_— in 1 _ 
A + 2, $3» 55» un wa” 
— decl. was 219 AY Nn 
— 1 log. up to the time, NW 3W. | 
e ſhip was 46⁰ 10 N. NNW. 1 

Hence (28) the true azim. was N. — 
768 W. and therefore the variat. 


le day is 163m. N. and the 
10,1 W. Hence the cou 
good is N. 32 W. — — Moreover, the Kt. by account 
41# N. and this is taken for the /ar. in, as there was no obſervation. 
„ diff. of lat. js 24-9, which gives, under 32“ in the courſes, 15 for 
Cone nr 38 W. 


dep. 
made 


St 


ET 
N 
120 


* 


F 
5 
Is 


Lat. Ram 50 18 N. mer. parts 3502,6 
Lat. ſhip 412 N. mer. parts 

Diff. of lat. 33 364 218,7 i Lon made—=10)218, 5 
One third is Kg | 21. 
Hence dift. is 87 leagues. * | n r — 


2% DAYS WORKS. nok . 


Pyuournal from England toward Madeira. 
| Courſes. Winds. | Remarks on ©, July ch, 1772. 7 
| WSW. NW. Briſk wind and cloudy. 


Z 


* 


80 OG 4 On + ww vw» 


| Moderate wind and cloudy weather, | 


——_— 


o 
—_—_ FY 
— 


—— 
n . CIT — a - 


| 1 
| Y [The weather as above. | 


Ditto weather: 
| 


© ww nee 


C63 


1 


* 


N 


[Ditto weather. 


- 
* * nne 
* 


| Bride wind and cloudy, 


— Ad. ttt. AT 4 


3 | + 
Very hazy. Mer. alt. ©'s I. 1. 65% 13'S. 


| + wwwulbuwauUEow uw. ++ +©w - — 891 


9 
cf 
F 


ED. L. Pep. Tant. in. Long. made.[Bearings & diff. at noon. 

1 74 [434 4 20 N. 4 44 N. [kam-h. N. 33* E.d. 118.1. 
A point 15 only allowed. for lee-way” | __ The Traverse Canis. | 
on the WSW. courſe, becauſe the ſhip True Cure. Diff. N. 8. E- W. 
went ſaſt through the water. A quar- . * | 
ter of a point only is allowed on the SW. b. 8. 6 || 5,of—| 3-3 
SW. b. W. courſe, becauſe ſhe was a |SSW, 3 W. 57 |—|48,9| — 29.3 
point free 7 and _— the SW.ZW. |SSW. ZW. | 23 — 20, 3 — 19.8] 
courſe, as fie was then 7+ points from Owe e 
the wind. ve I Di. of lat. _ "x 434 
On caſting up the traverſe table, it | : | + m1 
appears that the diff. of lat. is only Latit. from _46 417N. | 
74 m. S., conſequently the lat. by ac- Lat. in by acc. 45 274N.. 
count is 45˙ 272 N. whereas the true | EE. 
lat. obſerved will be found no more than 45* 20 N. Now to correct this error, 


and determine by which of the three cafes (81, 82, 83,) it is to be done; as 


there has been no obſervation ſince the 17th, take the diff. of lat. made the 
18th from that made the 19th, one being N. and the other S., and the remainder 
{57.7) will be the diff. of lat. made good on both days: alſo add the two de- 

tures together, becauſe both are W., and the ſum (53,5) is the departure 
for both days. This diff. of lat. and dep, give S. 43*W. for the courſe; the 


correction mult therefore be made by Caſe III. This courſe by account and 


65, diff. of lat. by obſervation, gives 60,6 depart., half the ſum of this and 
that by account 1s 57,0; this depart. and 65 diff. of lat. by obſeryation, give 


S. 41*W. for the true eourſe. This courſe and 93,4, merid. diff, of lat. by 
obſervation give 81” diff. of long. for both days, which being added to 
3 23 , the long. made on the 17th, gives 4* = for the long. made on the 
z9th. The bearing of the Ram-head N. 33* B. and diſt, 118 leagues, will be 
found in the ſame manner as on the preceding days. | 
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Journal foe Eughendt tomdrd Madeira, 

flo. K. F | Courſes. | Winds. | Remarks on P, July 2oth, 1772. ned 
— T7 | SW. bh: INW: b: W. Moderate wind and clear: "71 
I | 
_ 7 | 1 We |  !L.ight airs intermixed with calms. | 
512 SW. WNW. Tried the current which ſet W. b. N. 
„„ 1 1 r N. Z of a k. an ho. 
71314 134  'Briſk wind and cloudy: took in a reef 
8315 3 | | | of each top-ſail. 
9 34 sw. b. w. | | "T7 ON 
L 6 | | 3 | t 
C : 1 | I Tcok in 2d reef of the top-ſails. } 
vs [x44 . Squally, with heavy rain. | 
125 | SW.b.S. Handed the mizen top-ſail. . 
i Cloſe reefed the fore top-ſail. | 
31213 | | 11 | | 
| | | | | | 
F : '4 | SSW. | Weſt, Cloſe reefed the main top-ſail. : 
i | POL [ 
* 4 i ' | Heavy ſqualls of wind and foggy. ; of 
K Y | "4 South. | WSW. | has ape Ortagal S. b. E. about 7 leag.{ 
ink: i | Handed the top fails. 4 
TT& 5 TE ORE — [Strong wind in ſqualls. + þ 
Torte. Bil. B. L. Dep.) Lat. in. | Long. made 2 — and diſt. at noun. | 
8 10⁰%W . 68 | 67,2 | 11,3 44 13 N. 55 WW Ramh. N. 29E. diſt. 139 L 


In working tais day's log the follow- } Ihe IIKAV ERS IAI E. 


view 


ing particulars muſt be obſerved. True Courte. Dit. A. S. | E. W. 

Only 11 points are allowed for lee- F-. W V. ig - 13. — 75 
way whilit the ſhip was running oa the S. 2 W. 111% — 1517 
firſt SW. b. W. courſe, becauſe, al- 8. b. W. I W.] 9 — 8,7] — 2.2 
though ſhe was cloſe-hauled, ſhe went | 8. 1 W. 21 3.0 — 0,2 
well through the water, which may | g E. 13 12,9 en 
therefore be ſuppoſed to have been | 88k. | 12 — 11,10 4% — 
pretty ſmooth. | | SE. b. E. 10 — 5,6] 8,3 — 
A, point and half js allowed on the Curt. W. 28. 18 — 1,8 — 17:9 
firſt SW. courſe, becauſe we may pre | r 
ſune the ſea began to have more mo- | Dif. hut. 10 2 +» x ; 
tion ; and, moreover, toward the latter | ; | 78. be or 
end of the time a reef of each top fall | Latit. from 45 20 N. 11,3 
was taken in. = I | Latitudein 44 13N. 


The ſecond time the thip went 


theſe courſes 13 points were allowed, becauſe ſome part of the time the top- 


wry” 2 « 
: * 


fails were double reefed: the ſame quantity is allowed on theySW. b. S. 


courſe, - On the SSW. courſe two poi. ts were allowed, becauſe the topfails . 


were eloſe reefed; and three points were allowed when ſhe went ſouth, be- 


cauſe the top-ſails were handed part of the time. 


The current ſetting WNW. 2 W. by compaſs, or W. 2 8. true, 2 of 2 mile 
an hour, or 18 miles in the 24h; it is put down as if it was a courſe and 


dit. run by the ſhip, and worked as ſuch. The remaining parts of this day's 


work are performed in the common manner; and the «eſults will be found 
as they are put down under their proper titles above, the lat. by acc. being 


\ 


Wken as the true lat. becauſe there was oy ebſervation. 
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- 
Tong wind 


W ore 


ſip. C. Ortagal SW. g or 6m. 


þ 


Wore ſhip. Balanced the miz. & ſet it 


the fore-ſail. 
More moderate. 


t a reef out of the top-ſails. 


de the main-fail. | 


L 3 1 
—— 
WE 
3832 
| 11 
2 A-; 


. 


o 
1114 


t out all reefs. 


1 


ze Groyn Lights, SE. b. S. 4 


— —__— 


— 


Ramb.N.3z* 


W. 


—— 


. 


I OO) = my = wy we Gy oe 
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| Dep. | Latit. in. Long. made Bearings and 


il. D. L. 


e 


1111 11111 Tri 


off from 
which ſhe comes up and 


the wind and 
E 
poĩnt 


lee wa 


taken for 

allowed, 

iven above 

to drive 

of this 
titles. 

Journal 


are above at 


43 
ve 


they 


between them 
and variation is to be 
g1 

_— 


has 


1. 


particular in 


are as put down under their r 


2d 


to drive. In the inſtances 


to 
C 


2 


and the 


12121 > 
A 
b 
I 
f ty 


ſhip's 
ſuch di 
points | 
2 


2» 


© © Gn ww 


m— 
ww 0 


in. = 2 - I at noon. 
| — 2 W. | Ramb.N. — — 


| The Travers Tanks. LS 
| _ { Diſt. N. 8. E. W. | 


App. alt. Gs L. I. 66® 23 | 
| True alt. ©'s center 66* 34 | 
Sun's zenith diſt. 23 25 1 
Sun's declination 20 9 11 N. 


Latitude obſerv, 43 35 10 N.] | 
. The latirude, account, differ-| 


The dip. "of whe horizon "JEN 
RefraQtion | | ""000--_..; 


the * 
0 the 20th. 67,2 11,3 5 520 = 
F the 232 247 31,5 | | | 
p the 4-0 16 


yy deres 25" eg 

S E 
c 4 . 8, 

Latitude in 4 N Mexidional pants 2941.2 | bog he 

Tres dif lat. | 10% 1 45 Merid. diff. lat. 1471 | Dif. of lon. 1* UW. 

Courſe 8. 25*W, S924 262 We 

2 | Longit. made 5 53 

ud the Ram-head will be found to bear N. 2 


— = Sa 2 


and its AUgMEntation, according to the alrti- Diff. of lat. 128, 9142.1 
tude (56) 14”; hence the apparent diſtance of -+:2-CE 18S. 


|  altit. of the ſun's center was 199 27', and that Latitude in 2 N. 
of the moon's 58* 41”: and it will be found 


 ac:ount, and allowing 482” for the error of account, there will remain 3 


DAYS WORKS. 


| | 
About * paſt 6 A. M. ob. the dif. of the, 
| E of the @ and) 84 34 250 
| pp. alt. O's l. l 19® 15%, the app. ali. 
1 I of the 's u. I. 59 O0. Henee the 
* Ion. of the ſhip by theſe ob. is 10*8'W, 


1 


z Error of the acc. in long. 48x" too much. 


Book Ix, 
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* Torte If Winds. | «Remarks on 1, July 23d, 1772. 7 
3 : WSW. NNW. — wind, and hazy. 1 
46 ws. Wo a... 
24 | F 
My | be | 
2 4 2 2 3 1 | | : | 
— 14 N. b- E. |Cape Finiſterre 88 W. 6 or 7 leagues. | 
14 2 | SW. | I! . 6 . «| 
: 1 [Weather as above. | | 
31 + | | 5 5 
34 TE Si © 
3 $ Ii N Moderate wind, and flying clouds. 
4] 
4| + 
. 
. 
5 
38 
5 


| T 
4 Di. lD..L L. Wer: Lat. in. Long. made.[Beari earings and daft. at noon. | 
c 89 | 78 | 42 |42* 2018 N. 5 7 N. 39 E. d 1851. 

The thip going large the whole 24h. 1 no lee- |. The 


„ N Ne TABLE. 
way 1s to owed in workin the log. 2 7 Courſe. : W. 
In deducing the longitude of the the ſhip from | — pi — — 
the. obſerved. diſtance "al the ſun and moon, cy | 24 17.001), 
the ſan's ſemi- diameter found in the Nautical „ — 61 2 2533 


Almanac is 15 48”, that of the moon 14' 55”, 


their centers was 85% 5 22”, the apparent Latitude from 43 3. 


(199) « that the arch a was 250 34', the firſt correction + 2 ke ſecond — 
1400”, and the third- 1“, The true diſtance was therefore 84 53 30» 
and (110) the time at Greenwich 19h. 14m. At this time the ſun's declination 
2 K e and by working the log up to + paſt 6 A. M. the latigude 
42* 42 N. and, laſtly, the true altit. of the ſun was 19 24 24 
. * time at the ſlip was 18h. 33m. 22f. and the long. 10% 9 W. 

It will be found, on working the log, that the ſhip 12 44 W. diff. of 
long. from noon, the preceding day to 2 paſt 6 A. M. which gives 6 37 W. 
for the — 2 made at the time of obſervation ; add the long. of che Ram- 
head, 4 2 and their ſum, of the bir by account ; 
confumenly = reckoning of long. is too Eb, 

Again, becauſe Cape Finitterrs bore 8 by compa at 8 P. M., the 
ſhip was then under the ſame meridian. By working up to that time. 
the Jong, of the ſhip was 107 37 W. e is, the = 'of Aer Fmiſterre· bl 


1 W. for the PO Cape Finiſterre fs the * 


z 
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— K. | F.] Courſes. | Winds. ' Remarks on 2, July 24th, 1772. 
| " > | bo Briſk wind and clear weather. 
| 3] 6] 
13 - Weather as above. 
Wis - / | Obſerved azim. O's cent. N. 50® 19” W. 
S | | &thealt.ofhis1.1. 7 56", var. a0 W. 
9 6 6 | Weather as above. | 

10 614 j 
[11] 6] 3] | TR 

12] 7 > | | | Ditto weather. 
| 2] 6] 4 | 

| 3 | 6 | | | [ ; | 

46 Ditto weather. 

Al 8 | 

| 8 1 I About & paſt 6 A. M. ob. diſt. limbs ſun 
| F]:%1 - } „. 49 73*13/54",alt. Ol. I. 200 25 4 alt.| 
| 8] 6} | L | of Y's u. 1.64* 41's. long. ded. 1125 
96 Briſk wind and clear weather. [Z W 
10 6 1 
11666 1 | 4 3 

126 | Merid. alt. ſun's 1. I. 69 31” S. 


* 


Courſe. Bil. PB. L. Dep. | Lat. in. | Long. made Bearings and diſ. at noon. þ 


$.25%W |150| 136 | 63Z|40* 2N.| 8* 14 W. Ram-h. N. 29%. dil. 235 1. 


1. At 7h. ſhip's time, it was 7 Th. at 
Greenwich (57) conſequently the Sun's decl. 
from the Nautical Almanac was 19% 5 N. 
The corrected alt. of the ſun will be found 
8 1”, and the lat. of the ſhip, by working the 
log up to 7h. 41* 39 N. Hence the true azi- 
muth was N. 70* 28' W. and the variation of 
the compaſs 20* f w. And, allowing this 
variation, the work of the log for the whole 
day will be as in the margin: the two lati- 
tudes agreeing exactly. 2d. By _— the 


ue error of account is by this obſervation 47 too much. 


Cc 


The TaAvsRSE TABLE. 
True Courſec.|Dil. S. W. 
. 25 W. 1500735795377 
Dif. of lat. 2 160 85. 
Lat. from 42 18 N. 2806, 0 
Lat. in 40 O2 N. 2625, 3 
Diff. of long. 1“ 24 W. 180,7 
Long. from 6 50 W. | 
Long. made 8 14 W. Hence 
[- the Ram-head bore N.29% E 


— 
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fo. K. F. Courſes. Winds. | "Remarks on h, July 25th, 1772. 
xoiol | Sw. '| NE. |Brifk wind and clear weather, 
Tho - 4 | 9 | hos | 
3 | 
4] 71] v1 | Ditto weather. 
97 | ; | 
6 7" 0.3 E 
714 | 1 
8 7 N Briſk wind and hazy. | 
9 7 ; | 
11] 6| 4 | | 
12] 6| 3 Ditto weather. 
1164 
12165 , 
| | 3] 6] 4 PEW 
x 141664 Ditto weather. 
| | 2 6| 2 | | 
N 66 | 
7108 EE RALLY Cm” 
N 8 6 3 Briſe wind and cloudy. 
- 9 6 | SW. b. W. | | | 
10| 6 8 1 
111 6 SW. b. S. 5 | | 
| 126 I Ditto weather, mer. alt. Ss I. 1.71% 408. 
t [Courte. Bit. P. L. Dep. 4 Latit. in. Long. made. Bearings and diſt. at noon. 
; S.25*Wi156| 142] 66 37 40 N. _9® N. W. Ram h. N. 284% E. diſ. a8 f le. 
4 This Day's work will ſtand as follows: __The Travers TaBLs. | 
| | Dip of horizon (55) £8 True courſe.| Dif. | S. W. 
Refraction (55) o 18 IS. 25 W. 4 yon 90,63 42,20, 
Sum i 4 40 | _ | 33 | 2999111395 
Sun's ſemi-diam. 15 48 $.36W. | 12 921 705 
Difference . 11 08 8. 14 W. 12 11,64 2,90 
App. alt. @'s J. I. 21 40 cos. PEE | 2)/141,89(66,16| 
| True alt. center £8 $8 08 | 8. 25 W. | 78 70, 94 33,08 
Zenith diſtance 18 8 528. C I 
Sun's declination 19 30 56N. - Diſtance - 156 
Latitude in 2 37 39 48 N. Meridional parts 244370 
Latitude from | -40 2 © N. Meridional parts 2625, 3 
Diff. of lat. obſerved 2 22 12 Merid. diff. of lat. 182,3 
Half the diff. of longitude 421 half 977775 * 
Difference of longitude . . 
Longitude from 8 14 W. 
Longitude made 0 39 W. 


One-tenth part 75,8 105,96 | 
| , V195»9 2.97 
One- tenth of diſt. 86,5 miles Bearing N. 284% E. 
Whole diſtance 288 leagues, 
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FF | Winds: | Remarks on ©; July a6, 1792. | 
— — | | . — — | 
1] 6] | SW. | NE. |Briſk wind and cloudy. 
5 6 4 | | : 
| 4 1 | 
| : 614 | [Briſk wind and cloudy. 
| c| 6| 4 OO TO. 5 
} ; 64 | Variation obſerved by azimuth 17 11 W. 
10 663 - 
111663 3 | | 4 
12 664 | [Brifk wind and flying clouds. — 
115811 | „ . = 
# *} 31 4 | | | | 1 
31514 | Ditto weather. 5 
1414 | At zm. 16ſ. after 4 A. M. by wa. ob. dĩſ. far. 
8 I. of the) from a Ariet. 400 33.430, alt. of 
E OE | eAr.65%6/,& that of the) s I. I. 29431. 
„ | At6.32m.44ſ.bywa.alt.©*s L. l. was 1653“. 
8 54 3 Weather as above. 
| of ofa |: Saw a fail in the NE. quarter. | 
10] 5|2| 7 "i 
| 11 5 4] | 
12 5 che | | Ditto weather, mer. alt. O's I. I. 73 36'S | 
Courſe. [Dif. B. L. Bes. | Lat. in. Long. made.] Bearings and diſt. at noon. 
3280W. 145 128 68 35* 307 N. 109 127 W. Ram-head N. 27 E. diſt. 332 leag. | 


8 


Funchal S. 360 W. diſt. 72 leagues. | 


Phe merid. alt. obſerved this day gives 357 
30 N. for the lat. The true diff. of lat. * = 8 Ef * 
ſerved is therefore 129,7, which, with the dep. | True courle.| Diſt | S. W. | 
68,1, gives 8. 27® 1 85 8 FA pony wee Maas == 
and this courſe with 161,4, the true merid. |. S. 28 W. 1451128, 0 68,1 
diff. of lat. gives 85 for the diff. of long. W. Diff. of latitude 2 8 8. 
TRI ; ww erefore 44 4 We wy Latitude from 37 4oN. | 
In order to deduce the true long. e ſhip |; . „ 
from the obſerved diſt. of the _—_ N Let oy GO IS 20 11 
Arietis, the app. time found from the alt. of the Sun at 6h. 32m. 447. A. M. 
was Gh. 29m. 3 2ſ. conſequently the watch was 3m. 121. too faſt, and therefore 
the app. time when the il. was obſerved was 3h. 59m. 4f. or 15h. 59m. 4f. 
Hence the time at Greenwich was 17h. at which time the )'s horizontal pa- 
rallax was 56 26”, her ſemi-diameter 15 22“, its augment. according to her 
alt. 8”, and conſequently the app. diſt. of the ſtar from the Y's center was 
40? 18” 13”, the app. alt. of her cent. 29® 55, and that of the ſtar 66 52”. 
Hence the arch a comes out 38* 38“, the firlk,gorreftion—19”, the ſecond 
44 54”, and the third +3”; therefore MME tru was 39* 33 03”, and 
(110.) the time at Greenwich 16h. 55m. 360 the diff. between which and 
the time at the ſhip, found above, is 32f.—=14* W. But by working 
the log up to half paſt 6 A. M. the time when the Sun's alt. was taken, I find 
the long. of the ſhip by account was 15 8' W. the error of account is there- 
fore, by this obſervation, one degree too much. By the firſt obſervation it 
was 48%”, and by the ſecond 47"; the mean. of the three is 5x3. It may hence 
be concluded that the true long. made this day at noon was only 10% 12% W. 
The bearing of the Ram-head will therefore be N. 27* E. diſt. 332 leagues, 
and that of Funchal in Madeira, the lat. of which is 32* 36' N. and long. 
17* c&' W., 8. 36% W. ditt. 72 leagues igri 
Fournal - 
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o. K. IF.] Courſes. Winds. ' Remarks on 2 July 27th, 7772 — 
154 SW. | NE. {Moderate wind and cloudy. 9 
2511 | | EY 
1315 SW. b. 8. | | 1 
44616 3 Ditto Weather. 
8 *12 | | > 
14441 | . | | : | 
38416 Weather {till as above. 
9445 | 
1115 il | | bo I 
124 5 | £9) G {Moderate wind and hazy. : | 
=> Þ 8; | | 1 i 
- 4 Y þ 1 | SY 1 
| SiS] Þ 1 ip eu 3 1 
17441 | Ditto weather. 
[$5 S; 5 I [ 
2 7 „ 
2414 1 Bf FD 3 1 * 
945 * At gh. 13m. 4ſ. by watch the alt of the 
Tr CH 1. | Sun's I. I. was 48* 532”, and the az. of i 
E 11 41215 | | cent. $.63*E. At 1th. 45 19” the alt. off 
1124 6 | 1 1 dis I. I. was 74* 31”; Cloudy weather. | 
Courſe. Dit. 5 L. Dep. Latit. in. | Long. made. Bearings and qiſt. at noon. | 
818% W. 116 110 | 347 3340 N. 10* 562” W.[Ramh. N. 251 E. diſt. 3691.| 


Allowing 17 W. variation, the traverſe ta-“ The Tzxaverss TanLs. | 
ble will ſtand as in the margin where the lat. True courſe.| Biſt. S. W. 
by account is 33 44 N. | Wow”: mx 
The firſt of the altitudes taken this fore- ö. 2%, W. [ 1 07} 5 
noon, when corrected for dip of the horizon, 96,6| 29,5 


refraction, and ſemi-diameter, will be 49* 4 : | 106,3] 347 
the angle comprehended between the Sun's Diff. of lat. 10 467 8. 
bearing at that time, and the courſe by com- Lat. from 35 30 N. 


paſs, is 979; which, with 12 miles, the diſt. 
run between the obſervations, give 14 diff. of — 
lat. to be ſubtracted; and therefore the firſt altitude, when reduced to what 
it would have been if obſerved where the ſecond was, will be 49% 3. The 
ſecond altitude, when corrected for dip, &c. will be 749 42/; the interval 
between the obſervations zh. 32m. 15. the lat, of the ſhip by account at 
the ſecond obſervation was 3 30 45, N. and the Sun's declination 199 4 N. 
Hence (75) the true lat. of the ſhip, at 4 paſt 11 A.M. will be found 33* 
41” N.: and as ſhe made about a mile of ſouthing afterwards, the true lat. of 
the ſhip at noon was 33% f „ According to this, the true diff. of lat. was 
110, z. with which, an courle ig W. found with the diff. of lat. and de- 
part. by account, find the Giſt. 116m, This courſe, with 1 34,0, mer. diff. 


Lat. by account 33 44 N. 


of lat. gives 43 for the diff. of long. ; and, therefore, taking the long. made 
yeſterday to be 10% 137 W. as corrected by the lunar obſeryations, the lng: 
made this day will be 10* 551“ W. and hence the Ram-head bore N. 257* E. 
and was diſt. 369 leagues. way e 


+ * 
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lo. K. F. Courſes. | Winds.“ Remarks on F, July 28th, 2772. 
"114]2| Sw. | NE. [Moderate wind and hazy. * 
2 | 3 | 2 W. b. 8. | » | 
| | 4 | | | i £7 HO 
: - 6 | Moderate wind and clear weather. 
5 3 he | | 1 a | 
S 2 þ | ' | 
71 [Tt feen from the maii-head, which 
8 | 4 4| Weſt. | take to be Porto Santo, | | 
| 9 1314 | | 5 Weather as above. | 
1064 | | . 
1113 3 W. 28. | 9 LY 
I 2 | ö 22 | | 
2. | B | | | 
3 : 3 | i . ; | | 7 
4 312 | [Moderate wind and bay. 
151304} | 3 75 
6 3 5. | = # 3 | | 
7314 5 | | | 3 
Un | porto Sancto N. W. b. N. 
19 3 1 3 Weather as above. 
10 3 4 | Wb. S. NNW. Porto Sancto North. * 
11412 . At noon Porto Santo NE. ZE. Funchal in 
be Madei. SW. b. W. Mer. alt. Os I. I. 75*50'S. 
 Courte.|Dif.}D. L. Dep. | Lat. in. Long. made. Bearings and diſt. at noon. 
J 89 | 512 | 73 FY N12 232” W. Funchal S. 30 W. diſt. 5 lea. 


In working the log. for theſe 24 h. 17“ of | The Traverss IABIE. 
weſt variation are allowed, and alfo 10% for True courle. Dit. S. W. : 
tee-way on the latter W. b. S. courſe, becauſe a2 W 150 
the ſhip was then only ſeven points from the | 8 62 w | * | — 20,3 
wind. The traverſe table will be as in the S. 73 W. 12 3,6175 
margin, where it appears that the diff. of | 8. 67 ww. 7. 2. l 

latit. by the dead-reckoning will be only 8. W. 3 5 [2955 | 
37, m. whereas, by the obſervation, the ſhip — 
has made 51,5 m. the latit. obſerved being | | 3757 17257 l | 
32 487 N. To correct this, I find the courſe made good, according to the 
dead-reckoning, is S. 623* W., the correction muſt therefore be made by 
Caſe II. (82). Now againſt 51,5, the diff. of lat. by obſervation, in the co- 
lumn of diff. of latitude, and againſt 72,7 in the depart. column, ſtands 8g, 
in the diſt. col. over 54 for the courſe. The ſum of the lat. from and lat. 
in is 66% 2827; half of which is 33* 147, the middle lat. and the compt. of 
this is 56* 452”; over which, as a courſe, and againſt 72,7, depart. ſtands 87 
in the diſt. col. for the diff. of long. and, conſequently, the log. made this day 
at noon was 12 234 W. Hence the Ram-head bore N. 273* E. and was 
diſtant 394 leagues. | FERN: | 

Again, Funchal, which is in latit. 32 37 N., bore SW. b. W. by compaſs ; 
that is, S. 39% W. true: and, the latit. of the ſhip being 32* 482 N. the diff. 
of lat. was 11,5, and the meridional diff. of lat. 13,7 : the ſhip was therefore 
15 m. diſt. from thence ; and eaſt of it in long. 114 ; conſequently the longit. 
ef Funchal, by this account 3s 16 56 W. of Greenwich. 
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A FN D 1-1 


C ontaming the Principles, upon which eme of the preceding Precepts 


are founded. 


124. I. The Theory of Davis's Quadrant. Plate XIV. Fig, 9. 
To ſhew that the arcs DF Hc make the zenith diſtance. 
The line an is horizontal. 


Therefore the arc nn height of the Sun aboveghe horizon. 
Now the arc mH arc TEA BA. 


Alſo the are He =go? ʒ Salt. and zen. diſt. taken together. 
Therefore the zen. diſt. arcs fd + xc=arc DF THW. | 
125. Allowing the Sun's ſemidiameter in uſing the Shade vane. Fig. 10. 
AB repreſents the Sun, the center of which is c, and its rays paſs over 
the top of an upright wall pz. It is evident, that no part of the Sun can 
be ſeen from a, and that the whole can but juſt be ſeen from h; the ſhadow 
will therefore begin to terminate at a, and wholly end at ö, going off gra- 
dually from total darkneſs at à to total brightneſs at ö, neither the be- 
ginning nor end of this penumbral part being perceptible ; ; conſequently, 
neither the upper or lower limb can be obſerved accurately ; but we ſhall 
de able to come nearer to one or the other, the brighter the Sun ſhines. 
On account of this uncertainty, ſeamen are obliged to take the middle 
Point between theſe, which gives the altitude, or zenith diſt. of c, the 
center. Nothing, therefore, muſt be allowed for the $ un's ſemi-diameter. 


226. 1 Of the 7 heory-of Hadley's Quadrant. 


To what has already been ſaid of this moſt excellent inſtrument, it has 


| been judged proper to ſhew alſo, upon what principles it is conftruted. 
A ray of light as falling on a mirror, or po- 


liſhed plane, Er, will be reflected i in the line 8c, 
ſo that the angle of reflection DBC, ſhall be equal C. 
to the angle of incidence DBA, DB being perpen- 
dicular to EF: or 4 FBA is equal to 4 EBC. 
Let the angle of incidence DBA, be 30?, the 
angle of reflection ph will be 30” alſo ; and the 
like in other inclinations. 
If, while the radiant A remains in the tame 
: place, the mirror EF, by revolving round B, moves 
into the poſition fe; then the alteration-in the g. 
angle between the incident and reflected ray, will 


be double the angle ſhewing the change of poſi- ak 


tion in the mirror, 


Suppoſe the mirror changes 10 from the radi- 
ant, then the perpendicular BD goes 10 farther 
from the radiant A, into the poſition Bd; and the 

incident angle dBA is-40?; and the reflected an- 
gle dc is 40“; ſo the angle ABC is altered from 
60*® to 80° a 3 of 20˙, for 105 change of 
potting. | in the mirror. 

Suppoſe the mirror to change in poſition Io® 
towards the radiant A, then the * 


ET © radiant, And the angle 994 


ty, 
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of 30? becomes ds A of 20*= duc; fo that the angle Ac is 40? 
whereas ABC was 60? that is, by altering the poſition of the mirror 10? 
the angle ABC was altered 20 degrees. 2 8 

The following propoſition was received from a friend: X 

127. With a Hadley's quadrant, : 
the angle of elevation under which © 
the objeft is ſeen, is equal to twice 7 
the arch the index has paſſed over. * 
The inftrument or angle Acs, 
is 45 degrees: 4 is a reflecting ......... 
glaſs fixed parallel to cn: cod is 1 
the index, with the reflecting glaſs 
at G, fo fixed as to be parallel to 
ab, when CD coincides with cs : | ID 
O © the Sun, © a ſolar ray re- 
flected from G to F, and from F 
to E, the place of the eye: 
HFE the horizontal line at the time of the obſervation. 
Then is the angle of elevation 100 equal to twice the angle cp. 
For the reflected . Doo F incident / O / cGL. (I. 93) 
And the reflected FES incident aG 2 FLE=Z FEL. (I. 95) 
Now £16c=( 4 Hec=(4PCE+(LPECZAFLES) A GCL+ 4CGL. 


L. 95) 


Or (416c=( 4160 + L©6c=24BcD+/ cc; 
Then 4160 =24 BCD. | 1 


128. III. Of the Dip of the Horizon. Plate XIV. Fig. 12. 

The eye being raiſed above the level of the fea obſerves an horizon be- 
low the level of the true one. N 

Thus let asf be the ſurface of the ſea, Es the height of the eye above 
that ſurface, and AF the obſerver's horizon. Then the eye looking along 
Ea for the horizon which dips below the true one by the arc Aa, the ap- 
parent altitude ag of an object B muſt evidently be leſſened by the arc ag. 
But if the obſerver has his back towards the object B; then looking along 
the line E, the apparent horizon now becoming the line FEc, and dip- 
ping below the true one by the arc Ff, or Ac; it is plain the apparent 
altitude c B is too little; and muſt be augmented by the arc Ac N. 
Conſequently in the fore obſervations, the altitude muſt be leſſened by 
the horizontal dip; and in the back obſervations, the altitude muſt be in- 
creaſed by the dip; but in zenith diſtances, add the dips forward, and 
ſubtract them backward. TE 4 OP 
129. Ta compute the Horizontal Dips. 

Let c be the earth's center, E the eye, and the tangent x f meeting the 
ſurface in 5; where the {ky and water ſeem to meet; then c ft is a tri- 
angle right-angled at f, in which are known c f=cs=2089905g feet, 
the Earth's ſemidiameter; and cE=(cs+$E) the height of the eye 
added to the Earth's radius: Then as cg: rad.: : cf: fin. 4 ce f, the 
complement of which is the 4. Fxf, the dip fought. . 


2 * Mr. William Payne, 
C — - , 130. IV. 


— 
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130. IV. Of Refraction. 
Celeſtial objects, the nearer they are to the horizon, are ſeen through a 
larger portion of the atmoſphere, and conſequently have a greater quan- 
tity to be allowed for refraction, than when they are ſeen with greater al. 
i avles of refraction have been given by many aſtronomers, but that 
which is eſteemed the moſt correct, was formed from the obſervations of 
the late celebrated Dr. Bradley; who alſo found a rule for correCting 
common tables of refraction : which is, i. 
Increaſe any given altitude by thrice the refraction on that altitude. 
Then to the log. co-tangent of that ſum, add the log. 1,75587. 
| he ſum leſſened by 10 in the index is the log. number of ſeconds in 
the refraction ; which is more correct than the table. 55 
Here 1, 75587 is the log. of 57” the mean refraction on an alt. of 45˙. 
This rule is fitted to a mezn warmth and weight of the atmoſphere, 
Vviz. to the height 50 in Fahrenheit's Thermometer, and to the height 29,6 
of the Barometer. For other ſtates of the air, Dr. Bradley gave a rule 
for a farther correction; but it is apprehended, that neither of theſe cor- 
rections need be applied to the table of refractions, for any obſervations 
but ſuch where there is wanted a preciſion not to be obtained at ſea. 


131. V. Demonſtrations the Rules at Articles 60, 61, 62. 
| See Plate XIV. Figures 13, 14, 15. 8 


Let the circle hzxx repreſent the meridian of the place, BR the hori- 
20n, and 2 its zenith or pole: let ps repreſent the axis, » being the 
north, and s the ſouth pole; the line Ed the equator, O the place of the 

Sun, the arc 2 © the zenith diſtance, and E © the declination. 

No the latitude is expreſſed either by the height of the pole above 
the horizon, or by the diſtance of the equator from the zenith; conſe 
2 the arc RÞ (=Hs), or the arc ZE, being known will give the la- 
titude. | 8 | i al 
But the arc ZE is always equal to the ſum of the arcs 2 O and E © 
*when of contrary names; or to their difference when of the fame name. 
When the object does not Tet, its leaſt altitude & © added to the arc 
p ©, or co-declination gives RP, the height of the pole above the horizon, 
or the Jatitude fought : the ſame may be underſtood, were the leaſt al- 
titude above the fouth point of the horizon to be obſerved. Fig. 15, 132. 
Hence it will be eaſy to conſtruct any of theſe caſes. Thus: * 
Set the zenith diſtance from 2, to the left if ſouth, but to the right if 
north; and this gives © the place of the Sun. 0 
Set the declination from @, to the right if ſouth, but to the left if 
north ; and this gives E the place of the equator. 
Then drawing the diameter EQ, and the diameter vs at right angles 

to EQ, the latitude will be north or ſouth, according as P or s falls 
above the horizon. | | | EET ve 
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* 


may be different from pB. Therefore in the 


— Dr enn - i» 


pI 85 VI. Of Facio's Problem. 


In the year 1728 Mr. Nicholas Facio Duillier, F. R. S. publiſhed a 
pamphlet, intitled, Navigation Improved, in which he conſidered more at 
large, than had been done before, the problem for finding the latitude 
from two obſervations of the Sun's altitude out of the meridian, with the 
time between them, which he ſtates in the following terms, * 


8 PROBLEM. 

To find the latitude, by two altitudes of the Sun, and the time between 
them, ſuppoſing the obſervations to have been made from the ſame place, or 
from different places, whether at ſea or land. And likewiſe to find the hours, 
and the Sun's azimuths, at the times of both obſervations. 


Thus he propoſes expreſsly to diſtinguiſh between the caſe, when the 


two obſervations are made in the ſame place, and when, by the motion 


of the ſhip, in the interval between them, they are made under different 
zenith's z which does not appear to have been attempted before. He alſo 
extends the interval of time between the obſervations farther than is 
uſually done, not confining them within the compaſs of one day; but 
makes them ſo remote, that the change in the Sun's declination may be 
neceſſary to be taken notice of. OS 
His method of proceeding is this : = Ca | 
Suppoſing Þ the elevated pole, a and B; the two places of the Sun, and 
AP, PB, AB, arcs of great circles paſſing through the points P, A, and B. 
Then if pa be the diſtance of the Sun from the pole P in the firſt obſer- 


vation, and PB its diſtance in the ſecond, the angle AB correſponds to 


the time between the obſervations, whether 
that angle repreſents the whole interval of 
time, or only its difference from one or more 
entire days, 2 alſo denoting the zenith of the 
place, when both the obſervations are made 
under the fame. 1 5 
Here, if the interval of time be large, ap A. 


triangle aps from AP, BP, and the angle aps, &Gö; | _. 
he finds the fide AB; then from the three ſides AB, By, and as, either of 
the angles PAB, PBA may be known; alſo from Az, 2B and as in the 
triangle Azs, either of the angles aBz, BAZ; and in the laſt place, from 
theſe angles with aBe, or BAP, may be deduced the angle z AP or Zur, 
whence in either of the triangles Paz or PBz, Pz may be computed, the 
diſtance of the zenith z from the pole. | 8 | 

He likewiſe farther propoſes to compute the angles AP, BPs. for a- 
ſigning the diſtance of each obſervation from noon, in order to determine 
the time of the day when they were reſpectively made. 

All theie trigonometrical operations he performs by one axiom (See 
Art. 251. Book IV.) in the doctrine of ſpherical triangles, which 2 
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been applied by others alſo, not only to the finding of an angle from three 
fides given, but likewiſe to the computing of the third fide from two ſides 
and an angle between them. — La | | . 
But when the ſhip is in motion, z is not to be conſidered as the zenith 
of the ſhip in either obſervation. However, in the firſt obſervation the 
ſhip's zenith will always be in a circle deſcribed on A, as a pole, and with 
the interval Az, ſuppoſe in x, and in the other obſervation will be in a 
| circle deſcribed to the pole 3 with the interval Bz, ſuppoſe in y, the arch 
| x y denoting the ſhip's courſe, making with the meridian of the firſt ob. 
ſervation the angle Þ x y. - „ * 
| | | This angle Þ x y, and the length of the arc æ y are to be aſſigned by the 4 
compaſs and log-line. 
| Now when the ſhip has been in motion during the interval between 
Is the obſervations, and theſe two additional data are added to the altitudes 
of the Sun, and the interval of time, Fario proceeds thus: 
Having found the point z, as before, he computes in the triangle 
Azr, from AP, AZ, Pz, the angle AzP; alſo in the triangle BzP from 
BP, BZ, PZ, the angle BZP, andffrom the angles. AzP, BzP, the angle 
AZB, which (the angles Azx and Bzy being both right) will be equal to 
. | 
, Then ſuppoſing the diſtance run x y to be ſo fmall an arch, that the 
triangle x 2 y may be conſidered as rectilinear without any ſenſible error; 
and alſo that the angle x Þ z is ſo fmall, that x y meeting v z in v, the 
angle Þ v y may be aſſumed, as not ſenſibly differing from the angle of 
the ſhip's courſe ; whence the angle BzP having been computed, and 
thence the angle y z v known (B 2 being a right angle) from the angles 
5 zvandz v, the angle 2 y x, which is the complement of the angle 
which the fhip's courſe makes with Bz, will be known; then from the 
angles x 2 , Z y x, together with the fide y x, he finds the fide 2 +; and 
laſtly, in the triangle Px z from x Zz, 2z P, and the angle xz p, the fide px 
is found for the complement of the ſhip's latitude at the firſt obſervation; 
as alſo the angle z Þ x, and thence the angle A P x, the diſtance of the ob- 
| ſervation with the Sun in A from the meridian, in which that obſervation 
| was made. 1 5 | 5 
| And farther, Facio conſidering this computation, though it came 
| . very near the truth, as an approximation only, from the aſſumption of 
the angles yxP, and 2 vx, as equal, and the triangle z x y as rectilinear, 
he proceeds to correct the latitude, and the angle x 2 thus found, as 
follous : | | "TSX. | 
He aſſumes at pleafure two values for 
2 x (or rather for the arch of a great circle 
paſſing through z and x) one fomewhat 
greater, and the other ſomewhat leſs, than 
the value of z x now computed. Then 
for each value of z x, he finds in the tri- 
angle xz from the ſides Þ2, Z x, and the 
angle Pz x, the fide px and angle xPz; 
and in the triangle p xy from p x now 22 
found with x y, and the angle y x y given from the courſe and diſtance 
run by the ſhip from x to y, he computes P % and the angle x P. * hen 
Fe. rom 
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from the angles xz, æry finding the angle rz, and thence ys, 
at length in the triangle 3 25 from ÞB, Þy, and the angle B Þ y com- 
"25, hes computed, comes out equal to B 2, then is the value of zx, 


putations differ from the truth p x, and the angle zyæ are to be corrected 
by the ſimple rule of falſe poſition. 


neglected. And the expedient propoſed by Mr. Graham (Philoſophical 
| Tranſactions, Ne 435) of obſerving by an azimuth compaſs, the angle 
which the ſhip's courſe makes with the azimuth circle of the Sun in one 
of the obſervations, which has been explained above (Book IX. Article 
75) is much more ſimple. | a 
135. VII. Of Ar. de la Caille's Scales. 

As the preceding methods of computing the true diſtance of the Moon 
from the Sun, or from a fixed ſtar, requires a calculation, by ſome ſup- 
poſed too operoſe for mariners in general to be eaſily reconciled to; an 
inſtrument, accompanied with three compound ſcales, is propoſed by the 


ſcribed with ſufficient diſtinctneſs to enable a workman to make them 
with accuracy ; but the firſt conſiſts only of two ſcales of natural fines 
ſet at right angles to one another, and is neceſſary only in his method, 


titudes of that ſtar to be obſerved a little time before the diſtance is 


ſome little time after, (ſuppoſing all the obſervations to be taken by one 
perſon.) The other two ſcales are the principal, and are contrived for 


the Moon and ſtar upon their apparent diſtance; and are grounded on 


diſtance, is to the parallax in altitude as the co-fine of the angle between 
the Moon's azimuth circle and her diſtance from the ſtar to the radius; 


Moon and the ftar. 

If z be the zenith of any place, 24 the azimuth 
circle in which the Moon is at); but by her paral- 
lax appearing in A, and 2 & be the azimuth wherein 
the ſtar is placed at &; a perpendicular, as AB, being 
let fall on ) & from A; the parallax in altitude, ) A, 
will be to D B, the effect of that parallax on the diſ- = 
tance ) , as radius to the co-fine of the angle AB. 1 

In like manner if ) be the place of the 3 Ny the effect of the 
refraction on her altitude, and ) c be the effect of that refraction on the 
diſtance Þ * ; Þ D will be to) c, as radius to the co-ſine of the angle 
4 c : and the refraction of the ſtar will have a ſimilar effect on the diſ- 


N 


Now 


whence it is deduced, rightly aſſumed ; but if the value in both the com- 


But this method of Facio is attended with an operoſe calculation, even 
though the ſecond correction, which will always be but ſmall, ſhould be 


late able aſtronomer, the Abbé de la Caille. Theſe ſcales are not de- 
which requires, beſides the diſtance of the Moon from the ftar, the al- 
taken, and both the altitude and azimuth of the Moon to be obſerved 


aſſigning the effect of the Moon's parallax, and the refraction both of 
this principle, that the effect of the Moon's parallax on the obſerved 


and that the like proportion obtains in regard to the refraction of the 
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Now the triangle z) * wning oject- 
ed orthographically on the circle paſſing 
through D*, as in the annexed figure, 
in which FX, Fy are drawn' from the 
center F: through z let GHz, perpeadi- / 
cular to r, and KLM, perpendicular 
to F p, be drawn; then is Gz the verſed . 
fine, and 2H the co-fine of the angle \ 
2 * G, to the radius GH; and alſo kz the 
verſed fine, and 2L the co-fine of the 
angle z) X to the radius KL ; moreover, 
rn is the co-fine of the arch 2K (= ). 
and FL is the co-ſine of the arch 29 
(SDK), to the radius of the circle G%). „ 
_ Hence if in any circle lines as Fx, F), be drawn from the center, 
making an angle & F y equal to the apparent diſtance of the Moon and 
ſtar, and FH be taken equal to the ſine of the ſtar's altitude, and ex the 
fine of the Moon's altitude; the perpendiculars H, and Lk, being drawn 
interſecting each other in z, LK will be to Iz as the Moon's refractio 
or parallax in altitude, to their effect on the diſtance. And in like man- 
ner GH will be to Hz, as the refraction of the ſtar to the effect of that re- 
fraction on the diftance of the ſtar from the moon. But, moreover, in 
regard to the Moon's parallax, KL is the fine of the arch) 2, the Moon's 
diftance from the zenith, to the radius F Þ of the cirele ; and conſequently 
the Moon's horizontal parallax will be to the effect of her parallax on the 
diſtance from the ſtar, as F), the ſemidiameter of the circle, to Lz. 


Upon theſe principles the two ſcales, relating to the parallax and the 


_ refraction, are to be conſtrued. But the method is attended with this 


inconvenience, that when the arch) x. is ſmall, the lines Hz, Lz, will 


croſs each other ſo very obliquely, as to make their true magnitude too 
uncertain ; and this the author of the method feems not to have been 
unapprized of, by requiring that the diſtance ſhould not be leſs than 10 
degrees. SED "FM 5 
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135. VII. Of the times of the re, phaſes, ans the time of High 


* 


ting the Moon's age, ſouthing, and time of high- water, frequently 
— Thoſe times many hours wide of the truth, and may occaſion fatal 


> cidents. It has therefore been judged proper to ſhew how the times f 


hizh-water are to be found more accurately, unleſs when the tides are 
made irregular by ſtrong winds. 
In the Nautical Almanac, the firſt page of 
Moon's phaſes at Greenwich ; which are eaſily transferred to any other 
place, the longitude of which is known, by the following 


RuLs. To the Greenwich time of the propoſed phaſe apply the dif- 


ference of longitude in time (57), and it will give the time of that phaſe 
at the place propoſed. gs 5 


Men happen at Canton in China ® 


ExaAx. L 4 what times in May 1773 did the ſeveral phaſes of the 


Canton is E. of Greenwich (113* I/) 7h. 32m, 

Then the times at Canton for the Moon's phaſes in May 1773, will be 
Full Moon . 6d. 12h. 34m. (=6d. 5h. 2m. +7h. 32 m. 
// 23 7 -'© = | | 
New Moon 21 10 15 
Firſt Quarter 29 4 35 


EAM. II. At what times in March 1773 did the ſeveral phaſes of the 
Mom happen at Halifax in Nova Scatia ® 


Halifax is weſt of Greenwich (63˙ 31'=) 4h. 14m. 

Then at Halifax the times of the phaſes required will be 
Firſt Quarter 1 d. Oh. 17m. (I d. 4b. 31 m—4h. 14 m.) 
Full Moon 8 6 41 | 
Laſt Quarter 14 8 e 
New Moon . 
Firſt Quarter 30 17 45 
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places; but the times of high-water from day to day between the ſyzi. 


are ated on, either by the ſum of the attractive forces of the Sun and 


influenced by the winds. 
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8 | Of the time of High-water. 
The times of high-witer at the ſyzigies are nearly the ſame in mol 


gies do not alter 48 minutes, as is uſually reckoned in pilotage ; the gif. 
ference being ſometimes more, ſometimes leſs, according as the water, 


Moon, or by their difference, conſidered in reſpect to the places of the 
Earth and Moon relative to the Sun. | | 


The following table * being uſed with the time of either phaſe of the 
Moon, will, in general, ſhew the time of high-water within a quarter 
of an hour of the truth at any known port, when the tides are not greatly 


138. Tank 


Of the correction to be applied to the time of high-water on the ſyzigies 
to give the time of high-water on any other day. 


i _ _ >: i | | n 
BIR After | Before Fre Before | After | Before After Before | Intery 
of In. moon 1ſt qu. } 1ft qu. f. moon f. moon] 3d qu. | 3d qu. n. moo of | 
time. Tdit. Addit. | Addit. | Subtr. |"AJdit. | Addit. | Addit. | Subcr time. 
5. H. H.M. H. M. H. II.] H. M. | H.M| A. N. M. H. M. [D. H 
1 „% 615 61 5 610 00 915 6 60 olo 0 

60 84 515 220 910 384 5 [5 220 9 6 

120 174 37 % 180 174 37 | 5 400 18 12 
180 264 236 a 27 264 236 0 27 18 
x 010 364 25 20% 0 37 [ 364 26 20 0 37 T © 
619 453 566 32% 7% 453 56]6 32 47 6 
120 543 446 58 57 %% 543 46 58 5712 
18 [1 2|3 2 [EZ 81 21 213 32 [7 18 1 18 
eee WIS Who 11 | 3 217 37 | 28 1712 © 
6 1 19] 3 112 56 1 28| x 19 3 28 47 Sf aff 6 
121 283 1138 141 39 283 18 14 39 12 
EEE el E 372 508 31 31 18 
3211 46 | 2 40 $ 47|2 4 1 462 40 | $ 47| 2 EI. © 
6 1 54 | 2 30 9 22 156 1 54 | 2 30 9 412 18 x: 
Iz} > 3]2 2119 172 29 12 212 22 9 1712 29 12 
182 122 129 312 44 |2 1202 129 312 44 18 
3 ©» 21 | 2 3|9 44 | 2 58 LE * 3 44|> $314 © 


If the time to be ſought in this table is between the kours in the. out- 
fide columns, the equation is to be corrected by proportional parts. 


— 


** 
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139. PROPOSITION 3 
The time of high-water in any port on the ſyzigies, or days of new and full 
moon being known, to find the time of high-water in that port on any other day. 
\ SoLvuTION. 
itt. In the Nautical Almanac, ſeek in the given month, or in that im- 
mediately preceding or following it, for the time of that phaſe which hap- 
ns neareſt to the given day; and take the difference of thoſe times. 
2d: In table (138.) this diffi, of time gives an equation, which being ap- 


plied to the time of the lyzigie high-water for the given port (IV. 137) as | 


its title directs, gives the time of the afternoon high-water i in that port. 
But if the time of the morning high water is required. 
iſt. Do as directed in the iſt article above, and increaſe the ſaid Gf. 
by 12 hours, if the given day falls before the phaſe. 
Or diminiſh it by 12 hours, when after the phaſe. 


2d. The equation to this time (138) applied to the Faigie time 


(IV. 137) gives the morning time of high-water. 


Exam. I. At Portſmouth, where it is high-water on the ſpaigies at 115. 
15m.: Required the afternoon and morning times of high-water on the 1 * 
of January, and on the 24 of February, in the year 1773. | 

ere the neareſt phaſe to January 13, is Jan. 1 Sd. Toh. rom. 
So the time propoſed is 2d. roh. Tom. before the 3d or laſt quarter. 

To 2d. 1h. and before 3d. gh. the equation is zh. 5m. 

Then 11h. 15m. ＋ 3h. 5m. = Ih. 20m. or high- water at 2h. 20m. P.M. 
Again 2d. 10h, 10m. + 12h. ad. 22h. 1om. the eq. to which is zh. 44m. 
Then 1th. 15m. +2h.44m. = 1 3h. 50m. or high-water at 1h. 59m. A. M. 


To Feb. 2d. the neareſt phaſe is the Iſt quarter, on Jan. ou 7h. 53m. 


And as Feb. 2d. may be called Jan. 33d. 
Their diff. or time after the firſt quarter, is — @* 10h. Im. 
The equation to which is 8h. 26m. 

Thea 1 Th. 15m. + Sh. 26m. =19h. 41m. Or high - water at h. 41m. P. M. 
Again 2d. 16h. 7m. — Tah. 2d. 4h. 7m.; the equ. to which ĩs 7h. 50m. 
Then 1 Th. 15m. + 7h. 50m. = 10h. 5m. Or high-water at Jh. 5m. A.M. 


Exam. II. On the 11th of March 177 3, required the times of high-water 


at Halifax in Nova Scotia, where the ſy=agie time of high-water is at 7h. 30m. 


Halifax is W. of Greenwich (63* 20'=) 4h. 13m. 20f. 
The neareſt phaſe to March 1 is full moon, at 8d. 1oh. 55m. 
Which fitted to Halifax becomes 8d. Gh. 41m. 40. (1 36) 
March 11, is after full moon, 2d. 17h. 19m. its equation is Ih. 35m. 
Then 7h. 3om. ＋ Th. 35m. =9gh. 5m. P. M. the time of high-water. 
Again 2d. F7h. 19m. — =2d. 5h. 19m.; its equation is 1h. 18m. 
| Thea 7h. 30m. + Th. 18m. Sh. 48m. A. M. the time of high- water. 


140. PROPOSITION II. 


The time of high-water in any port being obſerved an any day, to the 
time of W in that port on the Hxigiet. ; "_ 


- SOLUTION. 


1ft,-By the difference of longitude reduce the given time to Green- 


wich 44 (57) 
2d. Take the * between this time and that of the tet, 
neareſt phaſe, r 
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which fitted to Senegal, makes 15d. 1h. 24m. 


the moon appears to riſe or ſet for ſeveral days together at the ſame time 


| gquickened or delayed half an hour ; but half an hour's acceleration dimi- 
niiſhes a great part of the 48 minutes of daily retardation which the ought - 


nutes, or about an hour and half. On the contrary, if its ſetting is nearly 


almoſt double of its known daily motion, 


n a * | * | | 
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" 34. The equation in table, Art. 138. to this diff. applied to the (ai; 
Greenwich time, contrary to what its title directs, will give: the ſyzigie 
time of high water at that port. X 
Exam. I. 8 the time of high - water was obſerved in a port tu be 47 
55. P. M when it wanted 3d. 17h.. of the time of new moon ; Required the 
time of high-water there on the day of new moon. . 
Now zd. 17h. before new moon give an equation of zh. 41m. 
The column directs ſubtraction, the contrary is addition. 
Then 5h. ＋ Zh. 41m. =7h.41m. P. M. the ſyzigie time of high-water, 
Alſo 3d. 17h. + 12h. =4d. Sh. the equation to which is 3h. rom. + 
Then 5h. + Zh. tom. = 8h. 10m. A. M. the time of new moon high-water, 
| Exam. II. Suppoſe on the 19th of March, 1773, at 8h. 11m. P. M. i: 
s obſerved to be high-water in the river Senegal? What is the time of 
bigh-water on the full and change da:??? 5 
The river Senegal is weſt of Greenwich (16˙ 20'=) 1h. 5m. 
The neareſt phaſe to March 19th, is the third quarter, at 15d. 2h. 29m. 


a.» 
* 


The 19th day is after the third quarter, 1. 22 Th.; its equation is gh, 
41m. which is ſubtractve, contrary to its title in the table. 

Then 8h. 11m.—qh. 41m. =TIoh. 3om. the time of high-water on the 
days of the full and change of the moon in the river Senegal. 


141. Of the cauſe why the mom appears to riſe nearly at the ſame time fir 
ſeveral days together at ſame ſeaſons of the year. 5 
There are few mariners who have not obſerved at certain times, that 


nearly, notwithſtanding that ſhe is known to be retarded nearly 48 mi- 

nutes in each day's motion. | 
This appearance ariſes chiefly from the daily alteration of 5 or 6 degrees 

in the moon's declination, when ſhe is near the celeſtial equator. Now a 


change in the declination of celeſtial bodies will cauſe them to riſe or ſet 


fooner or later, as well as when the obſerver changes his latitude, 
Thus in the latitude of 50 degrees, when the Sun has 6* of declination, 
he riſes at 5h. 31m. ; but when he has no declination, he riſes at 6 o'clock; 
fo that a change of 6* in declination near the equinox accelerates the 
riſing 29 minutes. | 
By a like change in the moon's declination her riſing or ſetting may be 


to have; and if to this be joined the apparent acceleration which may be 
cauſed by a leſs velocity in the motion of the moon near her apogee, and 
alſo that which may ariſe from an alteration of 3 or 4 degrees in the ſhip's 
latitude in 24 hours ; it will follow, that the rifing of the will not 
appear to be ſenſibly retarded for ſeveral days together. | 
Nou the ſame cauſe which accelerates the riſing retards the ſetting ; ſo 
when the moon appears to riſe for ſeveral 7 an together about the ſame 
hour, its ſetting will appear to be retarded nearly the double of 48 mi- 


about the ſame hour for ſeveral days, its riſing will appear to be retarded 
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Articles 142, 143, 144, 14 5. 
LOGARITHMIC TABLES. 


I. The LocazxiTums of Numzzrs from 1 to 
II. The Locazrramic Sinzs, TancenTs and 
' SxcanTs, to every Point and Quarter-Point 
of the Cour ass. | 


III. The LoGazITHMs of Nuwss, from 100 
to 10000. Cn, 


IV. The LogcariTHMs of the ** and Tax- 
GENTS to, every Degree and Minute of the 
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N. | Log. |N | Kam £4 FRY Fly | 
1 ſo, oo 1,7853381 1, 90849 101 [2,004 32 
2 1,79239 32 1,9138 1] 102 |2,co860f 
3 1179934] 83 (91908 103 fa, or 284 
4 1, 806 18 84 f, 92428 104 , 01703 
5 1,31291| 85 1, 92942] 105 , 2119 
6 581954 106 262571 
712 1,8260) 107 qa, 930 
8 1,83251 108 fa, o3 34a 
9 1,83885 | 109 [2,03743| 
10 I, 477 tz 50 1, 69897 70 [1,84510 110 |2,04139 
11 1, 49136 51 [1,70757| 71 1, 85126 111 f, 4532 
12 1,5037 52 f, 7169 72 f, 83733 112 2, 0492 
13 1,5185 0 53 [1,72423| 73 1, 86332 113 ſa, os 30d 
14 1, 531480 54 [1,73239| 74 , 86923 114 [2,05690 
T5 | 1.5440 L 55 [174030] 75 [1,87506| « 11 5 2, 6070 
16 > [1,55630| 56 1,748 19 76 1, 8808 1 7] 116 oGaaall | 
17 1888200 57 175587] 77 fr, 88649 97 | 117 [2,063 rg 
18 38 12, 57978] 58 [1,76343] 78 1, 892 118 fa, 188 
19 1,59 109] 58 1,77085] 79 1,8976399 119 [2,07555 
20 oe | 1,77315} 80 r, 90309 100 120 , 07918 
143. 1 1. E | 
LS Lagarithenie Sines, Tangents and 8 to every Quarter Paint of 
| ; N the Compaſs. 
| | Pts. | Sines. Co- ſines. Tangents. 3 Secants. 3 
o .| ©,0c000[10,00000| 0,00000 Infinite. [10,0c000 | Infinite, | 8 
91 38579 9.99948 2 32 11, 30868 10,0052 11, 30921 74 
| Oz | $.99130| 9.99790 8, 99340 11, 00660 10, 02 10 1, O0 72 
E 2.56552 9-99527|_9-17125 [10,82875 [10,004 310, 83348 74 
1 | 929024 9.991571 9 9.29860 [10,70134 10, 0843 [10,70976 | 7 
14 | 938557] 9.98679] 9,39878 [10,60122 [10,01321 [10,61443 | 64 
J 9.462820 9.98088 9.48194 10, 5 1806 10,1912 10, 53718 62 
22 9:97384| 9.55365 [10,44635 [10,02616 [10,47252 | 64 
2 9.584284 9,96562| 9.61722 [10,38277 [10,03438 1,4171616 || 
. 9,3099 9,95916| 9,67483 10, 32517 10,1384 10, 36901 5+ | 
| 2+ | 9.67339] 9:94543] 972796 10,5204 [10,05457 [10,32661 52 ll 
24 271195 9-93335i 9.22720 [10,22230 [10,06665 10, 28895 51 
13. 974474 291905 9.82489 [10,17511 10, 8015 10, 25526 W 
| 3+ | 977503] 9:90483] 9.87020 [10,12980 [10,095 17 [10,22497 | 43 
| 3x 9,80236| 9,8881 9.91417 [10,08583 [t0,11181 [10, 19764 41 | 
1 3x 9.82708 9,86979 9.95729 [10,04271 [10,13021 [10 17292 | 44 
| 4 9.84948 9.84948, 10,0CO00 [10,00000 [10,15052|10,15052| 4 
3 * Sines. |Co-ung Tangents. 3 Secants. 70 | 
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„11120. 111601419 


oog 
09447 


510175 


10 58 


10517 
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135 1303 3% 1306 13162%½13 194, 132206 132 58% 13290% 13322 1 
136 73354061338 154827375 113545þ 13577 13609, 1364 
137 5136726137 13799, 13830, 13862 138930 139251, 134 50 

138 13988}, 1401 p14114,14145| 1447 , 14208 314239], 14270 

139 [1430114333 114 395þ14426\, 144537]-14439] 1452051455: 
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356 TABLE or LOGARITHMS. 144. 
Numbers from 1600 to 2199. Logs. from 420412 to ,34223, 


14K 2 . LAL 

520412, 2043900466, 20493, 20520, 20547, 2057 5% 206028, 206a95 206 56 
2068 3, 20710, 207 36%, 2076 3. 20790, 208 17, 20844, 2087 1, 20898 20925 
2095 1,2097 g, 2 100 f, 21032, 2 1059, 2 108 5% 2111221139, 21165 
212 19,2 12452 1272, 2 12992 1 32 fl, 213 52, 2137821405, 2143 
214842151 121537215642 1 590, 21617, 21643/,a 669, 21690 
21748, 2177 5ba 1801 — 21854, 21880, 27906, 2 1932 21958 
56 %, 22011% 22037, 22063, aao89½ 22 11 5, 2214122167, 22 194, aaaac 
167 5222722229922 324223 50% 22 376, 2240½% 2242722453, 22470 


168 % 22 531 2877725 8322608, 22634, 22660, 22686227 12% 22737 
169 22789. 228 14% 2840, 22866, 22891, 22917, 22943522968, 2290 


2 300, 23096, 23121½23147%,23172, 23198½2 3223, 23 19523274 
171 5233 23325 233502 33702 3401½2 3420, 234522 347723502, 23 528 
172 a3 5302357823603 3629, 236 54,3679, 2370423729, 23754, 23779 
173 2380 5, 238300238 5523880, 23905, 23930, 23955 23980, 2400 5% 24030 
174 524055P2 4080, 2410524139, 2415 5% 2418, 24204 24229, 242 5424279 
175 24304, 24329, 243 5324379, 24403, 24428, 244522447 NJ, 24502024 527 
176 [,24551þ24576|24601[,2462 5, 246 50, 24674, 24699, 24724, 24748, 24773 
177 2479724822, 248462487 1, 24895, 24920, 2494424969, 24993, 25018 
178 J, 2 5042, 2 5066, 2 509 25115½2 5 139,2 5164, 2 518825214, 2523 5252610 
179 2528 5¼2 531052533. 253522 5382]-254001-25431þ2545525479þ25503 
180 |,25527|25551þ25575|þ2560c 25624/25648, 25672, 25696, 257200257 1 
181 [,25768|,2 5792, 258 16052 Saz 5364.2 5388,259 1242593 225955 — 
182 600% 2603 152605 5%, 26079, 26 10a], 26 1260, 261 50, 26174, 2 198, 26221 
183 , 2624 52626926293, 26316, 26340, 26364, 26387 264112643 9,264 58 
184 26482, 2650 526 5292655326576, 26600, 2662 3,6647, 26670, 26694 
185 , 2671726741 26764, 26788268 110.268 34,268 582688 526909, 25928 
186 (, 269 5126975 26998, 2702 1%, 2704 527058, 270102711 527139,27161 
187 2718402720 — — 527300, 27323527340, 27370, 27393 

2743927462, 2748 5,27 508, 27531, 275 54,2757. 27600, 2752 
12766gþ2769227715þ27738þ27761],27784þ27807]-2783c278 52 
27967, 27989, 280122 803 f, 28069, 2808 1 
a — — — 20nd 6 3 
„28330, 283 5352837528 298}, 2842 12844328466, 2848, 28 51128 533 
38608578 288728823 28646, 2866 2883187130873 28750 
4 288032882 2884728870, 28892, 2891428937, 28959, 28981 
195 , 29003, 29026% 29048, 29000, 290920, 2911 2291 37þ29759þ2918 1129203; 
196 [,29226|,29248j,29270|-2929 -29314þ29336|,29358|29380|,29403|, 2942 5 
197 2974729462294 7957329535797 2957229610982 229645 
29710, 29732, 297 54729776, 29798, 29820, 29842, 29863 

199 2988 50,9907 299299951. 2997329994, 300 16, 300 38% 30060, 30081 


200 :30103|-30125þ 30146, 3016330: » 3021 , 30233, 302 55% 3027 
01 530320, 3034 1% 30363, 303 2 prognggta 


203 , 307 50, 3077 1% 307925, 309 144, 3083 5, 308 56, 30378}, 30899, 309 

204 f, 3096 3], 30984, 31006, 31027, 31043, 31069, 31091½3111203113 
5 »31175|,31197|31218|,3123 

20 


31387/31408, 314293145 


202 , 30535, 205 5730579, 3060, 3062 1]. 3064 8 


531260, 3128131302, 3132353134 
314711314925, 31513þ31534þ 3155 
207 31 5973161831639, 31660, 31681[,31702},31723[, 3174413176 
208 J, 31806, 31827/31848, 31869, 3 1890, 319 17319313 1952,3197 
4 — 3203 5% 32056, 32077, 32098, 32 118, 321 39% 32100, 3218 
210 J, 3222 — — 3228422 30 5, 32 32 5.32346, 323661, 32387], 
211 3242, 32440. 32469, 32490, 32510, 3253132552 32572532593% 32613 
12 32634, 32654 3267 5,3269 , 327 15%32736632756 3277 »32797| 32315. 
213 32838, 328 58], 32879|32899|, 3291 329605, 32980, 33001|,33021i}} 
114 , 3304 1½ 33062, 33082, 33102 33122 31163033183, 33203], 33224 
215 |33244| 3326433234433 304, 3332 33365þ33385|33495þ33425} 
216 33445/33469 33.80% 335060. 3352 33566, 33586, 33606 346261 
217 [33640], 33066), 33680 ,33"00 3372 33766, 337860. 33806, 33826 
[218 3384623866/3388 5 359653398 5. 34009, 3405 


3 399513392 
219 |.3404-4| 34064',34034, 341041, 341 OJ. 34225 
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TABLE or LOGARITHMS. 144. 357 
Numbers from 2200 to 2799. Logs. from, 34242 e 


36884 36903 | 
3707, 37088 


237439» 374578 
3762 , 37630 


3798 f, 3800 
538166 2184 


$61, 38703, 38721 
33881|, 38899 
„39058, 39076 
53923553925 
539410, 394281 
3958 ) » 39602 C 
»397591»39777% 


3993 39959 
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735411, 35430 
»35622| 
536698 
537922 536940 
5371070, 37125 37162 937218372 36,3725 
3729137310 37401, 37420 
237475537493 37566, 3758 | 
37658, 37676 537712 | 13780 
| [+37340|,37858 37894 32933704 
3802 1, 38039 538075, 38093, 3871 
538202 — — 382 56 „3827. 3829 383 10 38328 +33 346 
-3$382|,38399]+38417]38435þ3845 33847 0384897 97 3852538543 
38561 3857,38 596%.3867 38050 386683 
387 39.387 57.387750, 3879 33810 : 3, 39846], 38863, 
339773893 538952, 38970, 38987 3902 3þ 3904 1 
» 390949391111» 39129 »39145 39164 »391991, 39217 
+39270|þ392871,39305þ39322þ39340 3739375739393 
2 275 39480, 3949839575 3955039568 
39620, 3963 74,96 5 5]»39672|» 396 
39794398 11, 39829, 39846 
„39967, 3998 5, 4000, 40019 84010 
40140, 40 57,4017 5, 40192 40272], 
»40312|,40329(,40346|,4036 40449 
4048 3540500, 405 1840535740552 40620 
406 54, 4067 11,406831,40705|,40722 40790. 
408 24, 4084 1, 408 58, 4087 5, 40892 „409 59 
40993/41010, 41027, 4104441061 541128 
„41162, 41179, 41196, 412 1241229 41296 
,41330|:41347]:41363þ41380þ41397 241464) 
141497 þ41514|,41531,41547þ41564þ41 3 241631 
416644168 1,4 1697],417 14144173 1þ41747 541797 
418300, 4184741863, 4 1880½, 41896 41963 
541996, 420 1242029, 42045 42062 ,42095',42111 542127 
42160, 42177, 42193422 10, 42226 5422 259 14227 5 242292] 
4232504234 11142 357|42374|44% 644 3,424 39142455 
42438, 42504, 42521042537042553 42619 
4265142667, 42684, 42700, 427 16 42781 
428 13428 30, 4284642862, 42878428 4291 1,42927/.42943 
429754299 1,43008½ 430244 3040 2972884154 
4313643 15243169, 4318 543201 ,43217þ43233 543249 
43297433 1343329-43345|þ4336 1,43377,4339343409 
eee 
1436 1643632, 43648, 4366443680, 43696, 43712,43727 
4329643791, 43807, 4332 3438 38,438 54, 43870, 43886 
43933/43949 439654398 1,4399, 44012, 4028, 44044 
44091, 441070441 44170, 44185, 4201 
,44243|,442641,44279þ44295|44311/,44326 44342 144358 
+44404|,44420]44436|,4445 11444671,44433 44498 445144452 
1+4456c[.44576|44592[,446071,44623 44638 144654 544669, 4468 5 
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TABLE or LOGARIT HMS. 144, 
Numbers from 280 to 3399. Logs. from 244716 to, 53735. 
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2 | 3.] 4 16 |7 [8 | 9g 


»449 32|:44945 24490 3þ449791449944 5010; 
45104451127 $123þ45149,45163 
2451 24525 $,4527 1þ452 


. 
— 18 _ 


45301045317 
454084542364 54 394545445469 
4556145575045 59145606, 45621 
24.5728 95903 — probes 

94 1 
45 4606 — | 
974619 51,462 1c 


4653846 
4688 — * 


47813747828 


479580479724 

8 101548116 | 
481 482440482 59,4827 

— 73þ48387],48401|,484.16| 

4843 a48530þ43544\,48558 

4857 47½48586%48 700 

4871 954831348827548841 

948954, 4896648982 

399 422942942024 224421849122 

4913649 1549164 49243 262] 

49276, 4929054930 


5507 


2514 
515 


5051 | 


55172 
330 518,518 5/51878, 5189151 


4941 5,4949 45443 
495 5449 568,49 582 


3 


» 50799] 508 1.3], 50826}, 508 39, 508 
— 509 
251054 

+5118$|,51202 


516 


„50529. 50 54a, 505 56 
„506 50 5066 
| 


Gs 


49338, 49402 
4952749541 
4966 549679 


4969 3,49707,49721 49803, 498 17 
498 314984 5498 59 499 144992754994 1499 55 
49909,49982, 49996, 50010, 5 500 37% 5005 1% 50065 50079], 50092 
» 50106}, 501200 501 33), 5014750161, 5017 „5021 f. 50229 
2 502 70, 502 503520, 50365 
3225032355406 0488]. 


550569, 5058 
50678, 5069 1, 50705, 5071 


32þ 59745þ 507 59Þþ $0772} 
66}, 50880], 5089 3}, 50907 
51028], 51041} 


30947, 5096 1], 50974, 509 
5510815109 


5182 551838 
5195751970 


331 55198351996, 52009, 5202 52088, 5210 
332 5211452 127%½ 52 140 gibs: „22192, 52205/52218, 52231 
333 52 2552270522 a »52349þ52362| 
334 5237 8524015241 247% 52492 


335 52504, 5a 51 552 5 305 5254352556 


336 [526 


52621 
25364752660, 5267352 52237/52250 
528660 52879 
338 55289265290505 2917529 $3007} 


339 j»5392C 
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Numbers from 3400 to 3999. Logs. from ,53148 to, 60195. 
—— —_ — 

59141 
553275 
55340 
55382 
5536 
233782 
55390 
»549 3 J|» 5404 

8 |»541 53], 54170 
[+5423 3], 54295 


|» 54407» 54419 
55453154543 


— T mr 
2 — — 
8 


553542ʃ,53 55575356 
953668, 5368 1,536 
5337 

25392 


55443 
28755 


253157 
„55267755279, 529 


55541 


335522195553 

55639|,55042þ,5565 

$5751155703þ5577 

5587 1],55833,5589 

55991}, 56003], 5601 5, 5602 

56110}, 56 122, 56 1 341, 561461, 56 

»56229|, 55241], 562 5 35626 5% 56 

5634, 56360, 56372, 56 384% 56396 

„56467, 56478, 56490, 56 50a, 56514 

56 58 5, 565971, 56608, 56626], 566321, 56644 566 56 

5670 ½56214½ 56226, 56738 567 50. 56761862723 
56820, 568320, 56844], 568 55, 56867. 568 79% 56891 
56937, 56949, 5696 1, 56972þ 56984, 56996, 57008 
57054, 57 +5707 »+57039þ,57 101],57113þ57124 
157271,57183),571 „57206057217, 57229057241 
57287,57299, 57310, 573220 87334¼,5734 505735757368 
57403, 5741 5,5742060 57433), 57449] 574615747 35748 
57519557530 2 370þ$7 590,57 5761157623 


157 542 1 5708: 


„57634, 57646, 57657], 57669557680 „57703, 5771 8.5772 


57749657761 57772þ57784+57795157897þ57818 1557852 
»57864,5787 5828877528980 57910|,57921þ57935 
57978], 57990}, 58001), 5801 3, 58024], 58035), 53047 
„58092, 58104, 58 715, 58127 58 138, 53149, 58161 
5820 5582630, 53274 
; 58377058388 
584905, 58 501 
1385 58. „58602058614 
386 ſ,5865 58715088726 
337 »53327], 53338 
338 81,53939þ 589 50 
22 59051 59062 
390 59173 
391 55921 39284 
392 þ 5932 59395 

393 559439 


þ59550 
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Numbers from 4000 to 4599. Logs. from ,60206 to, 66266. 
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1 8 
„60271 6028], 6029 356030 
603690 6037 9, 60390, 6040 1,604.1 
„6047760487, 60498]. 60 50g, G0 5 
60 584, 60 59 5%, 6006, 50617, 6062 
„50638, 60549, 60 „60695, 60704, 60% 13560724, 6075 
6044, 09 56, 60967, 60778, 60788, 60799, 608 10, 60820, 6083 1%, 60842 
60355], 6086 3,608 74, 6038 5, 6089 f, 60906, 609 17% 60927, 60938, 60949 
609 50 %6097 0, 6098 10, 6099 1, ö 1002, 6101 361023, 61034, 6104 56 105 5 
610666 1077, 6 1087, 61098, ö 1 109, 61 1190, 6 130%, 6 1 140, 611516 116 | 
61172] 61183|,611941,61204\,6121 5],61225|61236|,61247|,601257],01268| 


»61278|,61289{,06130 ,61310\,61321|,61331|01342|,61352|01363,01374 
„613846139 f,, 6 140 f, 614 16,6 1426, 6 14376 1448/6 14 58,6 1469, 6 1479 
„6149061 fc, 615 11, 6 1 52 1, 61 532,6 1 54 678866 61574/61584 
561 59 56 1506, 61616, 6 1627, 61637, 6 1648, 6 16 58, 6 1669.6 16796 1690 
»61700þ6171 1,6122 1,6173 16 1742, 617 52%, 6176306 17735617846 1794 
56180 9,618 1,6182 6183067847675 „61868, 618786 188861899 
56 1909%6 1920, 6 1930, 6194 1,6951, 619616 197261982, 61993/62003 
„62014/62024, 62034, 6204 f, 6205 f, 62066, 62076062086, 62097, 6 107 
8 6211862 128, 6213 9,62 1 50, 62 170%, 62 180%, 6 190, 6220762211 
56222 16622 32,6224 5622536227 3622846229452 30462315 
6232 5662335762346 5.62 360, 62377, 623872 39762408, 62418 
, $1,024 3902449 62469, 62480, 62490%, 62 500%, 62 511/02 521 
531062544, 62 5 54,,62 5840.62 574%, 62 58262 59 3062 8036261206262. 
3 |,62634{,62644{,6265 f, 6266 f, 62 67 f, 6268 5, 62696 „6271662726 
6273762747027 5762767, 62779, 62788, 62798 
5 5628 3962840628 59, 62870, 62880, 62890, 62900 
126 62941629 51,6296 1, 629723, 62982, 629925, ö 300), 
2 
8 


603 14.603 5, 60336, 6034 71,60 
4.604 3; 05 5],604.66 
„60 5 30, 60 54 m, 60 


56302 63033 
3104þ63114|4631244,631 34] 
3205|,63215[03225],63236; 


63043þ63053|03063],63073|63083,6309446 
1 

„63144063 15,6316 , 6317 5,6318, 6319506 
29 632466 32 5663266, 632 76,6 3286, 632966 3306% 63317563327 6333 


30 , 6334756335 763367,6337 7763387, 63397563407 63417, 63428, 6 3438 
31 6344863458, 3469, 6347 80.6348 8,6 3498,63 508 635280635338 
+32 63548, 635 58,63 568,63 579,63 589, 63 599, 63609, 636.9, 6 
433 563649636 59,6 3669, 6367963689 
34 7563749753755 89 
5638. 
253949 


6441464424 64434 
64523064532 


1.652 


56532 16533 1,534,653 50%, 6 5 360% 65369, 65379 
76541806542 7,654 37756544 62450063468) 
5655146552 365 5330655430655 52,65 562, 6 
56561006 5619, 6562 p25039þ6 54 65638 
| [1657066571 56657253057 34þ65744þ65753þ65763,65772|,6578 
56 530106 581 16 5820, 658 30, 658 39, 65849ʃ,658 5 658686587 
„689606 go6p65916,6592 65935 659 659 
6601 1], 66020|,6603c|, 66039 


20599 ,6 1 
5660 7þ66096þ,66106 ,6611 5 66 124,66 134% 66143 
5662 10% 662 19, 66229, 662 38, 66 


»66181|,66191|,66200 
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TABLE or LOGARITHMS. 144. 
Numbers from 4600 to $199- Los fait 66275 to , 71 592. | 
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56627666285 
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3 
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5 


»66370|,66380}, 
. 
58,66 567 
66472 56666 | 
P6675 166755] 
„66839 66843 
7 
67034 
567127 


6702 


5672 19 
557311 
„674036 
67495 
8.67 587 

56678 
67770 
9 
507952 
568043 


66483 
566577 
„66671, 

„66764 
„66857 

„669 50 
57043 
67125 

5722 

6732 
+0741 
»67 Jo, 
566759 
„67688 
67279 
„67870 

567961 

68052, 


47 


67514 
»67605[,6 
67697 

„677388 
67879, 
67970 

6806 1, 68 


1 
2 


7422 


568133 
568224 
„68314. 
„68404 
„684 

63534], 
„68673. 
„63762 
5688510 
258940 


681 


569028 
„69205 


„69381 
56 209469 
6924 , 69557 
96366964 
6277 
U 698 10 


698 19 


»bgr171,6 
55929306 


259732 6 


„68151 
„68233768242, 
68 32 3,68 3320, 
„6841 3.68422 
„68 502 
68 592 
68681 
568771 
„68850, 
68949 


„69897 
569984 
70070 
570157 


„7042 


70509, 70518 


J 1456 


57043270441 
756 ooh 


5 37 


470952570951 
71020, 7 10a, 7 1037%7 1040, 71054 
„71109,71113,,71122571130, 7113971147 
57122 | 
27 12991,71307,,271315 
728807147 


— 
567797 


2284672320 
67988 


678796 
o. 
568 160 
68251 
68341 


„ 6843 I 6 


568520 


„68610 
„68699 


68789 


„68878 


59055 


69 144 


569232 
69 320 
„69408 
„69496 
69583 


569671 


139767 
567431 eee 
225 


„68769 


5697 58 


7 69845698 54)» 
„699 32 
+70018|,70027 
70105, 70114 
„7018307019 0 
50%, 7o 269, 70278, 70286 
70364 
70449 


566978 
567071 


57250 
348 
567532, 
4567624 


67715 
„67806 


68070. 


511 


6 


„66295½%66304, 663 14, 66323, 66332 
esso „66409, 664 17, 66427 
„664926 5024, 66 
566 586,66 596 6660 5, 666 14 
66580, 66689, 56699, 66708 
„66773 6678 3,6679, 66801 
„66867, 66876, 6688 5, 
„66960, 66909 
„67052 567062 
2452184572164 
672767517 
1567330,57 


6521 


66894 
„66987 


567080 


62173 
6726 


67277 
597449 


67543 


,67633þ67642 
567724 
567875 


„67906 
67997 
68088 


86342 
566436 


7 


665 30 
"$6624 
,66717 
5668 11. 
9 

20997 
67889 
67182 


3 


6682 66840 
6697 6692 | 
6700 „67015 

67099 567108 . 
567191 


667274 
67367 


„674590 ˙6 


„67550 


67733 
»07325 
„67916 
68006 
68097 


1677421077 52 
6783 267843 


„68250 
568350 
» O 
68 529, 
568619 
„63708 


5668797 
68886 


5004, 


»691 521,6 


769241 
569329 
69417 
59 504 
569 592 
„69679 
569767 


6904 


57037. 
704 58 
270544 
„70629 
[2707 14)» 


68178 


568269 


5683 50.68 368 


„68449 
68 538 


568717 


„6889 568904 
6893458223 


59073 


569161569170 
69242069355 


69338 


669425 
569512 
69601 


69688 


69775 


59862 


68187 
„68278 


6845 


68547, 
568628 5668637 7 


„68726 


59082 


109346 
69434 
69 522 
569609 
6969 
569784 
69871 


56891306 
»694002 
»69ago 
569179 


»69 188) 
69267569276 
„6935 569364 


5594430 
569531 
„69618 
69705 
69793 
69830 


759949 
57ỹͥ 3697044 
5701227570131 
„ozog 7 
7029570303 
70381570389 
7046757475 
705 52570561 
570638, 70646 


70723 


„59958 


69966 
270053 
5701 

702260, 7023. 
57031270321 
„70398, 70406 
70a, 70492] 
270569! gs 


17073? 


„7065 5 
phos, Fas 


7121 


170978 |»! 
„710620, 


71231 


713 


7888, 708 17%, 708a 5, 708 34 
»70893|,709021, se 5255 


7124871257 
71332/,71341, 
71416,71425 
71 86 
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$22 
$23 
$24 
$25 
$26 

27 
25 


530 
1531 


533 
534 
838 
530 
337 
538 
9 


— 572346 


571767%,71775 
71850, 71858 
5719337571941 
„72009, 72107 


„7226 


27234 


572016, 72024, 


572 181 572 189 | 
172272| 


7178471792 
57186 


4 5 


„ 


520 noe . men 
521 71684, 7169257 1700, 71709,71717 


571725 
»7 180g 
„71892 


571800 


72132 


572296 
172378 


572214 


271975 
„572057 


„72222 
72304 
17238; 


52140, 


650 
171734 
571817 
„71900 
71983 
„72060 
72148 
722 30% 
272313 
72395 


72428, 72436 
72509, 72518 


„72673, 72681 
1727 541472762 
7283 f. 72843 
»72916|,72925 
»7299 „73006 
7307 27 3086 
1232 59673267 


57 1444-72452 
72526572 53 


532 7259172599. 7260 „72616 


72689, 72697 
572770572779 
„728 52, 72860 
272933172941 
„730 14,7302. 
73094,73102 


540 
541 
7 


573239, 73247 
7332073328 


73500, 73568 
73640, 73648 
573719773727 
73807 


2265 
74036 


73886 


174044] 


274115 


574123 


73259. 7326 


„73735/73743 
„7381, 73823 
»7 38941, 73902 
»7 397 3], 73981 


72542 
572624 
572705 
172787 
„72868 
572949 


72400 


72409 
572550 


172477 
72558 


572632 
57271 


1720640, 


572722 


272730 


272795|,72803 
„72876672884 


57295772965 


572811 
„72892 
572973 


17317 573163 


»7 3030[»7 3038 
7311173119 


73352ʃ.73360 
» 13432127 3440 
»73512[,7 3520 
„73592, 7 3600 
73672, 7367 


57391 573918 
17 39391-73997 


+13191113199 
:þ73272[-7 3280 
73330917 3344 
73400, 73408, 7341 673424 
17 34807 3453þ73496 9573504 
73570% 73584 
73656 73664 


273127 
273307 


»7 3040 


»7 3054 


»7 3288 
73368 


573528 
573608 


740 52.7400 


74068 


573448 


74076 
274162 


»7 3296 
73376 
73456 
„73536 
„73616 


573687573695 
7235007535 „73767,73775 
73830, 738 38, 7384673854 
573926,73933 
174005 


74084, 74092 


574013 


71729307250 


72583 


72738 | 
728 19|,72827) 
»72900[,72908| 
— RY 


273135], 
173215 


»73783 
+7 3362 


»7 3941 


73703 


274020 
»74099 


573791 
73870 
73949 
2222 


74707 


5741 
174273 


27466 
225 


1 


94574202 
„74280 
174351174359 
»74429|,74437 
£6 7455 274525 
1745 1 7 95 


47452 [74531 


„7505 1,7505 


75282ʃ, 75289 


7430 Gerad 
74896, 74904 
1+74974+74981 


»75353]75366 
575435575442 
2881128819 


57483. 


75066. 7 5074 


75128,75130,75143575151 
— 2 


»7 522C|,7 5228 
7537475381 
»75520[-75534 


17413174139 
574210074217 
74288, 74296 
74367574374 
574445774453 


7460174609 
17467974687 
4274757524764 
74842 
„74912/74919 
74989, 74997 


574147 
74225 
74204 
74382 
574461 
174539 
574617 
74695 
24772 


574155 
174233 
274312 
974390 
274408 
174547 
74624 
574702 


174780; 


174241 


774476 
74554 


174788 


574329 
74388 


574632 
574710 


(274170 


274327 
57440 


74640 
274718 
174796 


748 50 
74927 


7500 575012 


748 58, 74865 
574935 


574943 


7 


75082 


75089 


75160 


575097 
175174 


174873 
574950 
37 5028 
575105 


, 4249 


74484 
74562 


274186] | 
74265 
5574343 
7442 
745 
274578 
48740 56 
74726074733 
7480374811 
7483174889 
7495874966 ; 
17503575043 


174178 


75113 


75 


575297575305 
„754500, 75458 


75159 
»7 5230[,7 524 
57531277532 
»75389|,7559 
754651475473 
75542 


f 


2549 


575251 


»7 548 1 


2532 
22222 


17 5557 


»7 5259 


7548 


7518 


th: 
641»7 5671 
om — 
»7 $81 5|,75323 
7589 % 5899 
7880 75974 
76042, 75050 


7575595 


75603756 10 


„75755575962 
75831675838 
7590675914 


75982075989 
760 57% 76065 


577 7618,76 12557623 2/76 140 


578 


N 


„76193757620 


. I 


„76208 


579 7626 2228326290 


75679, 7 5686 


575618 
75694 
575770 
75846 
75921 


575997 
576072 


»7 5626 
»7 5702 
75778 
575853 


»7 6005 


»76155 
76230 


575929 


75633 


75861 


„7616 
57623 


5 


"75641 


275266 
73335575243 
2 
875496 
2856578828880 
275048, 
25759757 777574 
175785 ,75795þ75- *00/,7 5808 
75876, 7588. 

7593727594 7595275959 

76027 


9575197 


575274 
75351 
575427 
5755804 


| 


75656 
275732 


,76027',7603 «| 


,76080};76087',76095|,76103,76110 | 

5761707678 | 
57624576253 
313 ,76320|,76328,7635 


57630 /, 76 
LA 


576185 
70260 


D 


76 56 


57701 


57715 
57723 
57730 
57737 
177452 
6 „7752 


„7803 
+7810 
2 9 


„786 78 


5765 
„7657 


TABLE or LOGARITHMS. 
Numbers from 5809 to 6399. Logs. from , 76343 to, 8061 1. 
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144. 
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763437635 2 


76 377653 535 


75885 


766476649766 56, 76664 
„7671 27677 7673076738) 

1,76790þ,70797|,70805 
68511, 168791476886 ,76393|,76901|,76908],76916 
7694 5% 69 52, 76900, 76967|,7697 57698 76989 


„7018 


77026 


5768 12 


76589 


177034 


77085, 77093 


„77166 


577532 
577605 


577100 
577173 
577247 
577320 


177466 


279106,79113) 
,79176',79183' 


27 


— 


— 979239 
579309, 
579379 


79 
ng 885 
7993479941 
8000358 
„80072, 80079, 8008 
„80140, 8014780154, 806 
80209), 802 16 80223 


80484, 8048 
4808080575805 


7938 
27945 


57951 79525, 
279588279595 
279657579 604/,79671 


79240, 79 53|,79200 
79316,79323,79330 


»79393 
679463 
579532 


2797 3467974 


798 OJ 


229872 


922372 


776 12577619 

177677 ,7768 5 
$7750 1777 571177704 
77822, 7783, 7787 
77825,7795,77999 
$77967',77974 7798 
78039, ) 8046, 78053 
787717871878125 
678183,78190,78197 
+7 82471978254 173262) ,78269 
78326,78333 
282778178433 
2845972842 73435 
7817788758855 
17868078 6255 

; 78682 78689 
78253.,78760, 78767 
75824,78837,78838 
7889 5,7890, 78909, 7891678923, 78930%07893 
78965, 78972, 78979, 78986, 7899 3,79, 7900 
750 7564375657557 
279 1 20,79 127 


579602 


577107 
577181 
577254 
57732 


774747748 77748 


577692 


78340 


578696 


557637376380, 76388 76395 


76418, 7642 ers ee Jes vers bete 6450 


76 522,76 530, 763776 5 
57659776604, 766727651 
276073), »76678,76686), 70693) 
1767451767 53576760, 7676 
7681976527768 34,7684 


177041[,77043þ77056,77063 


27640 76410 


7647 7.76485 
765 52.765 59 
,76626|,76634 
„7670 ½% 76708 


7684 708 
76923776930 
76997, 7700 
57707097707 


7717, 7712267712 577137 
77188,77195% 7720377210 
177261þ77269],772761,77283 


1771441477150) 
+7 721777225 


177 335þ77342þ77349þ77 357 


4.7777277779777280 


177793177 801} 


7736 


577775 
8 


7784407785 1,778 59 
7792607792477931 
77988/77996, 7800 


Q © 


1781 32þ78140)78147 678154 
þ78204þ 78211), 78219, 
— — 
578347 


77800, 77873, 
72520 7794 5,7792 
78 OI 780177802; 
578061578069, 7807 f. 78082, 78089, 78096 


378290, 7829778307832 
7835 5,78362,78 309 
5784197842 17843373440 
178490þ73497|78 504-78512/78 51978526; 


„7816178 168 


782206, 782 3378240 


78370, 78383 


eee 


78633578640, 78547, 785 54 
57870478711678718,78725 


7877407878 178789, 78796 | 


779190 


578061 


7884 5% 788 5278859. 75866, 78873, 78880 


79064. 7907 1, 79078 


s w 


79197h,79204þ79211|7921 


79134þ7914! — — 55579162 


7894478951 
2790141379024] 
7908 5.79092 


— — 


| 
7922 579232 


579400 
„79470 
579539 
579009 
57967 
797 


79810, 79817, 


579886 


9 


79948 


580291 


„80496 


558009 


64.808570 


579955 
„80024 


580229 
, 30298 
80366 
80434 
80 502 


8,7968 579692 


27989 3þ79900þ7990079913 


79z67|79274þ19281;79288 


»1933779344þ79351/»7935 
179497',79414þ7942 1,7942 
179471þ794847949 11-79498 
17954 6,79553þ79560þ79507 
179616,79023,7903079937 

79699, 7970 
72872375 
57983 79844 


379754179701 


27930579372: 


[ 
7929 5.79302 
7943579442 


57950 225 


5796 „79650 
79713, 79720 
579782, 79789 
7985 1,798 58 
57992 „79927 


579962, 799697997 57998 
>80030], 80037, 80044, 800 51 


80168, $017 55891820, 8018 
8023680243 802 50, 802 5 
30305 s ez, „80325 


79989, 79990 
„800 58, 8006 


2580099, 80 106,801 13, 00 580127 801 34 
75 


80264% 8027 


80373, 80380, 8938, 80393 


9044 1, 80448, 804 J, 80462, 80408, 80475 
0e ese dea 80 5 30 80536080543 


2 — .—. „8059 80804, 80671 


»30400}, 8040 


= 


— ——— 
— . ß — — — 
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7677 J, 76782 


577371 
277393377491 7748%½ 7741 C 8 777 5774444 

2 % 7503Þþ775!01,77517 
9775391775427 $54p77 $94p77 300 17757017753 31,7759 
»77627þ776341770411,77643|,7765 


577663 
„77700,77714,77721,77728 


7844778457 


80195, 80202 


5803320803 39 
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364 TABLE or LOGARIT HMS. 144, 
Numbers from 6400 to 6999. Logs. from ,80618 to, 84504. 


- E ZTHE EN. Ss [8 5 HR 7 18 i 
640 , 806 8062 5,80032\,50638,8064.5,80652\,50059 ,80665 ,80672,50679] 
641 „80636, 8069 % 80699, 80706, 80513580720, 80725, 807 33, 80740, 80747 
642 , 3075 3580 60, 80767, 80774780781, $0787], 80794 , 80801, 80808, 808 14 
643 „80821808 28, 8083 5,8084 1, 80848, 808 5 5], 80862, 80868, 8087 5, 8088 
644 80889, 8089 5, 8090, 80909, 809 16, 80922, 80929 8093 273.5,35977 
645 , 809 50, 80963, 80960, 80970. 8098 3, 80990], 80990, 8 1003), 8 1010, 81017 
646 , 8102 3, 8 1030.8 1037, 1043,88 1050, 8 1057%8 1064, 8 1070, 8 1077, 8 1084 
647 . 


648 811575811648 1171,81178,811848119,81199,81204,8 121181218 
649 81224½8123 5812 38,81 245812618 125808126812718122 58128 


650 , 81291, 81298, 8 130 5,81311081318,8132 5,8133158 1338/8 134581351 

651 -$1353},$1365)81371|381378|,81385|,81391|$139 +81405|-81411|,8141$] 
652 |,$1425|$1431|,$1438\,81445|-381452/,$14.58|.8 : 46 »$1471|,8147 8485 
653 81491, 8498815, 581518 1518,8152 508153158153 „81544581551 
654 87 559,81564081571581578,81584,81591/81598,,8 1604816118167 
655 581624,8163 108 1637581644, 8 1651816578 166 2816718 1677, 8 1684 
656 , 81690, 816078 704,8 1710, 81717,8 17230581730, 817378174358 1750 
657 81757, 76308 1770, 81776, 817838179008 179 5818038 180 81816 
658 818,818 8183681842184, 18 56,8 1862818698187 531882] 
659.8188 8 89508 902,8 1908819158192 181928,81935Y8 194081948 


* 1954,81961,81968,51974,81987,8198 8 1994,82 co, 82007, 82014 
661 V 


* | 662 |,82086|,$2092|,82099|, 2 10%, 821 282119082 12 5,82 132,82 138|,82145]| 

82 15182 158,82 164,82 17182178,,82 184,82 19 1,82197% 8220482210 
582217, 8222 3, 82230, 822 30, 8224382 6,32263,$2269) 32276] 
$2282)82289, 822958: 302|,$2308)32z1 »$2321|,$2325|, 2334-32341] 
82 34.823 5482 360, 82 36 e Corey 


»3241 31,324 : 9,824 6, 82432, 82439, 8244 5], $24 52, 8245 „8246582471 
82478, 824348249 1,8240, 82 504, 82 5 10.82 517, 8252 30,82 530, 82 536 
132543] - 549|-$2 556), $2 562/82 569825758282, 8258882895 82601 
8260½, 8261482620, 82627, 82633, 82640082646, 82653 8265982666 
82672582679 8268 5 82592, 82698, 3270 '$273182718,82724,82730 
582737758274 5827 50,827 568276382769, 82276,82782,8228 „82795 
82802082 888823148283 732827 8283 4,82 840.3284 828 5 8a 860 


gc ba ae EET Ae 1227 4282,38 


4.82930, 8293782943829 50,829 56,8296 3,82969, 82975 82988 
„8299 5, 8 3001, 8 3c08ʃ. 830148 3020, 83027 83052 
58 30 89, 8306 58 3072, 83078, 8308 5, 8 309 1558 3097, 83 104 9.83117 


83123,583129083136083142,33 1498315568316 1,6 583181 

83187, 831938 3200, 83206, 832 13,83219ʃ,8 222 5 ? 583244 

77 . —— exe T jo | 
8325 1,832 571,83264|,$3270!,$3276|,832853|. 83289), 20283308 
83315.8332108332708323483340083347 
83378, 8338 9,8339108 2398834048341 | 
8344283448 $325c|,$3461\,$3467,$3474|8343033437|83493|-32499Þ 
»$3506\,83512|.53518\,83525$3531$3537þ83544:$3550þ$355 16 


8356983575, 8358283588 835948 36018 38607, 8361 3,8362085 366 
8363283699 $304 58365158 3658/8366 4,8367 8368 3,8 3689 
83696 e e 7727 837468375 
837 89,8376 5,8377183 278,832 8408379083297 cg 
:$38:2/,33828|,8383 51,8384 1-8334.7|-338 5383860}, $3366], $3972|.83579] 
8388 8 3891/8 389783504, 8 39 10], 8391608 392 — Few 83942 
8394883954 83260839678397 38397908398 .83992 8.84004] 
$401 1þ840 17:34 e $4030, $4042),540 8405 5,8406 18407 
+$407 3.84089 840861. 84092, 84098, 84 105,841 1,8 4117/84123, 84130 
841 30,84 742084 148,84 155 8416184167,8477J,84 180, 8418084192 
84198, 3420 f 842 11,842 17,8422 37842 30% 84230, 84242,8424884253 
842610 84267 3273 8428084286 8429 284299, 84309 8431184317 
8 


8432 3.84330 8434284348843 348336 184367,84373584379 
84404, 4410, 8417,44 334429 $4435) 34441 
| 84443] 844 54] 34460\,84466þ84473|$4479þ$4485|-£4491|-$4497þ$4504 
I 6 | 7 | 8 9 


— 
— — — —— — ꝙ222— — — 1 l. w ˙ m ů ůͤ— 
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TABLE or LOGARITHMS. 144. 365 


Numbers from 7000 to 7599. Logs. from 84519 to 88076. 


784757584763 


0 I 
$4510 $4516 
84572 84578 
„840 
58469 58470 
584 1084425; 
„8488 „84887 
23428494 


8506 5,8 5071 


„8500 3, 8 500%, 


n 


i 
* 


4 8 


7 8 9 


52 $4528 

+34 534. ,.34590 
584640, 845528 
84708 847¹ 


584631 | 


»54954\-84960 
50168 5022 


302788083 


85126, 85132 
p35 187551938 
1$52483|,8 52 54 
85319, 
85376 


85497 


135437 


84770, 8770,84 
84837 
3489 3,84899 


5 


84597584003 
' 846 . $, 84665 
$4726 


04547 
84609 
84671 
84733 


84917 


8 5040 


8501 


84794 840 


85972 5 


\$4553-$4559þ54 35 
8401 482 1.8483 

„8407, 8468 3], 54.68 
847 3984745084751 


85⁰5 
8510785114851 


851 set 
852808 5265 
35321535327 
585382 
$5443 
85503 


8544900 


8555 


1 2 — 


8674758675 
„808068681 
586864, 8687 


8 
585618, 8502 5 
8567978568 5 
857 298 5745 


85564,5570 
85631 


58 569 1 


85383 8 


585 509,8 


851505851 56,8 5163 
585211 85217085224 
8527258 5278/85285 
8533378553908 5343 


85169,8 517508518 
352308523685 


58535 35350/8353 


„85406, 
35469 


541,854 18,8 542 
85473354798 3485 ' 
8554055 540 
585 
85667 
882271 


35751¹ 
585812 
585872 
859268 5932 


»361061|;86112 
586171 
586231 


5862 91 


„85046, 860 5208 


158578 
585 
585908 
3596 
586028 
86088 


36195], 86201 
36255286261 
+36314|,36320, 


36350 
5864 © 
+3646; 
+86528|,8 
86587 


586700, 86705 
„867 59,86764 
, 368 I 7 586823 
586876, 86882 


8654686 


86556 36362 
58641 5 58642 I 
[$6475 586481 
5 2653403 $6540 
$6 59336599 
6521,86658$ 
586711586717 
36770, 86776 
868298683 586841 
„86883, 3689436900 


34,8698 


37949-3104 
58713737163 
587221 


75712 
86427 0 


587685 
743% 


, 8745 , 37460 


587628, 8 


5869 3586941 

6994,86999 
870 5a,, 87058 
58711187116 
87169587175 
87227872330 


36947,3695 30369 58 
87005, 8701187017 
87064, 87070, 87075 
587122, 7128.871134 
587181587186 
$7239 

587297 


8730387309. 


8719 


27355 $7361,87367þ8 
$741 3þ37419þ$7425þ.8 
EE RL 8748 3þ8 


40 6970 2857 
87029, 8703 
„87081 22705727093 
6,5 715 
58721 
58726 
58732 
[3738 


587518 


58752 
587576 


27 587 
, 7633,3763 
3752137627 


878000, 8 


587973 
»87030 


297749 2977 54 
2 27228.37172 


87353,87864, 3786933873 
87915,87921, 87927 


87978, 87984 
(88036 ,88 


21 27 


7529 
2277727 
876455876 5 1,876 56 
87703þ87708\,87714 
87760, 25727725 
[r 7823587829 
727885 37887 
$$7933þ37939þ37944 
87990587990, 88801 
4222255 88058 


3752577580 
75938759908 


15 


3 


8 2842 330 


4 5 


»$5291|,85297|-$5303[ 


366 TABLE o LOGARIT HMS. 144 


wo 


Numbers from 7600 to 8199. Logs. from',8808r to 591376. 


HE 


88087 
588 144 
588201 
882 58 
,$831 51,8832 18832 
188372|,8837"7 
,38429{\, 3843 
,3848 568849188497 
88 542088 547588553 
588 598 88604, 886 10, 8 


— 


1 


„8809 30588098, 88 104, 88 110,88 11 
„8815088 1 56, 88 161,88 167,88 17 
„88207882 1 3], $32 18], 882 | 
„88264ʃ,88270l, 88275, $828 1,8828 
„88332088 339,88 3435 
„88389, 88 39 5, 8840 
58844 588 
588 50 83 508, 88 51 


451/8845 


88559, 88 564,88 57 


58861 5,88621½88627 


588121,88 127588133 
88178, 88 184% 


— 


5 589487, 949 
89 542 
89597739603 
89653,89658 
,39708|,8971 3 


290091 
590146 
90200 
90255 
90309 
9690363 

90417 
90472 
90526 
37203 80 

20635 
590687 
90741 
590795 


589164 
„89209 
„8926589271 
„8932189320 
89376 


89763589708 
,3$9$1 31,8982 3,898 
| $987 3], 89878 
89927,89933 
899828998 
590037790042 


„8865 5886 
58871 16 
88767,8877 388779 
.$332.4|,88 829}, 3 
,38380[,35385[,88891 
588936088941 
8399288997 
,89048[;8 
8g 104], 89 109,89 125 
8915958916 5,,89 170 


835 
88947 


88672, 88677 
„8728,88 
| 734 
»38784|,88790|,8879 5þ 
„88840, $388 46[,388 524,888 57|,83863 
,338909,388913|,33919 
»338953], $39 58|,83964þ,88969(,33975 
,3902cþ,38902 5,89031 
8908 1, 89087 
89137589143 
8919389198 


88897, 88902 


8gcog , 8901 
89064, 89070, 89076 
89 120, 89 12689131 
589 176, 8918258918 


- 
SO 


68688689 


8 873958874 5,88 
88801ʃ,88807 


90097 
90151 
90206 
590260 


90314 


590423 
90477 


90585 
906 39 
59069; 
90747 
90800 


903091, 


90531 


$92 15|.39a2 10589226 


89609, 8961 


„89276, 892 82.8928) 
8933289337, 89343 
89382, 89387,.89 39389398 
89432,894 378944389448, 894 54 
89498, 89 504 89509 
8954889553895 59..89564 


,$9664|,39669], 89675 


,$9232|,392 37139243 
8920 389298 
89348ʃ.89354 
89404, 894098941 589421 
89470, 89476 
89526089 53108 
139 57 5þ39531|-89586],8 
8963 168 96 36|,59642|,8 
8968668969 1,89697 
8974168974 


59719,89 724.8973 


894 598946 
89515089 5 
89570 


89680 


177 55 


89735 


89248ʃ,892 54 
39304 
89 360 


39310, 
58936 58 


89752 


89774˙89770 
89 2958983 


„3988 3,898 89 898 
„89938, 899448 


89993589998 
,90048|,9co053 
+90102|,90108 
901577590162 
590211090217 
9026690271 


989 


90282. 90287 


1.39796, 89801|,39807 
898 515898 5689862 
8990 50899 115899 16 
899600 89966, 89971 
900 5þ90020[,99026b 
»y0069{},9007 5|,9008 


9029309029890 304 


— 
590189 
90 90249 


990320090325 
| 9c 380 


9533 1.90336 
9038 5.90390 ö 
 99439Þþ 90444924 5090455 
»9049 3} 99499 
90547, 905 53,905 53],90 
90601, 90607% 906 12906 1759062390628 
906 50%, 906 5 5, 90660, 90666, 9067 1.90677 0682 


9o9 S go,, 90709. 90149072090 5% 7 300907 36 


90763690768, 9077369077 


90816090822, 908275908 320,908 38, 90843 


90342590347 
90396 590401 


90 504090 509, 9051 5,90 520 
63590 969, 90 574 


9046190466 


> [90848 
90902 
90g 56 


591062 
591716 
591169 
591222 
91275 
91328 


90854 
90907 


90961 


591014 

91068 
191121 
291174 


— > any 


591073591078 
91126091132 
91180091185 


91228 


22220 
232 


9131791238 
— — 
79133959134. 


O 


— 


2 3 


90966, 909720, 9097 
9102009102 59103 


| 


For 302þ91307þ,91312[,91310,91323] 
0þ91365[29137 


90586, 9089 1590897 
90940, 90945909 50 
9099 3,9099 
104609105259 1057 


91004 


2132 
9 * 


3830 


TABLE or LOGARITHMS. 


Numbers from 8205 to 8799. Logs. from, 9138 1 to 94443. 


N 


1 


2 


5 


6 


7 


144. 367 


8 


E 


352 93044 
59309 7 


Mk 


1492324} 


91487 
„915 
91845 
1045 
1 
591751 
9 803 
91855 


591960 
592012 
592064 
592117 
92169 
92221 
92273 


92370 


840 924 2892433 
92480 


91381,91387 
914 34 


9 7908 


91492 
991545 
91598 
91651 
293703 
1907 

97858, 
591861 


91913 
91965 
592018 
592070 
92122 
92174 
92226 
92278 
2. 
292351 I 
192433] 
9248 5; 


»9258 


49263 192639 


92588 


592737592742 


792686,9 2691 


59278 
5923 
592891 
,92942 
19299 3 


193146 


»93292 
193349 
93399 


92793 
92845 


91498 
91551 
591603 
91656 


591761 


5917865 


591918 
91971 
592023 
92075 


95922 1 
92283 
592335 
1292337 
$924.37 
92490 


925319253693 542 


92799 
92350 


"0: 302 
59144091445 


5917009171 
91814 


592127 
922799218 92189 


93197793202 393207 
93247 


92896,92901 


29294792952 
9299893003 
93049, 930 54 
310093 705 
293151293156 


9225293258 
9330393308 
9335493359 
93404593409 


93500 


494751 


93450 


9355 
593602 
593651 
93702 
93752 
93802 
93852 


91600 
9166191666 


59187 . 


31.91408 
8591514 


9146 
91566 


„91619. 


91672 
191724 
191777 
91829 
91882 


291413 
91465 
91519 
91572 
91624 
91077 
194730 
9275: 
91834 
97887 


91418091424 


31471 
91524 
91877 
91630 
9 632 
91735 
991787 
91840 


2822 


92289/92293 
923400. 92343 


4.92449 
2222885 
92547592552 


223242227 


91934 
„91986 
792038 
92091 
92143 
292195 
292247 
92298 
92358 
592402 
192454 
92505 
192557 


»92603 


59270 J. 92706 


593119,93115 
99316 1,93 166 
293212,93217 


59265 592660 


92609 


191939 
»91991 
92044 
92096 
92148 
592200 
922 82 
292304 
92355 


92459 
92511 
592562 

92614 
592665 


192407 


192711|,92716 


9792814 


792763 
92865 


592768 
592819 
592870 


2222169222 


,92967|-92972 
+93013|,93024 


93069,9 3075 


9312093125 
9317793176 


93263, 93268 
293323993318, 


933 225765 


9 1934 14+9 3420 3420 


93273593278 
9332393328 
9337493379 
193425193439 


9 1944 
191997 
92049 
592101 
992153 
9220 
592257 
92309 
923610 
2412 
92464 
»92515 
92567 
92619 
292670 
592722 
292773 
92824 
592875 
5992927 
9297 
„93029 
93080 
2593121 
93181 
93232 
593283 
93334 
93354 
93435 


191477 
91529 
91582 
91635 
91687 
91740 
91793 
91845 
91397 
919 50 
59 002 
92054 
92 106 
92158 
92210 
„92262 


92314 


92366 
92413 
92469 
592521 
792572 
92624 
592670 


91482 
91525 
591587 


91745 
91798 
91850 


291955 
592007 


a 
92319 


423 


592629 


292.727 


„91429 


19180404 
9692 


21202 


592059 | 
9211711 


92163 . 
5922151 


92371 
924741 


5925261 
202578 | 


792681 


2927321 


928782282 


92 529.9824 
59288 1,92886 


92927|92972| 52 
992983 
93034 
93085 
3213 
93186 
93237 
93288 
93339 
93389 
. 


193556 
936080 
93656 
93797 
93757 
93807 
9385 


294002 
594052 
594101 


93455 95460,93465,9 770 
9350 5,93510 


593561 

93611 
293661 
593712 
93762 
593812 


77593862 
D 


935159350 
93566693571 
793 16493621 
93666 93671 
93717593722 
93767593772 
93817593822 
„9386 93872 
5993917593922 


143475) 
193526 
93576 
793626 
93676 
93727 
193777 
93827 
93877 
23927 


2934830 


,93531 


93581 
593631 
93682 
993732 
793782 
793832 
793882 
293932 


193485 
9353 

93586 
93636 
93687 
»9 37.37 
93787 
93837 
93887 
93927 


59349 
93541 
193591 
9364 
93692 
293742 
93792 
93842 
93892 
3942 


194007 
94057 
9406 
2941 59, 


»94201 
»9425 

94300 
94349 


94300 


94206 


5942559 
594305 
594354 


Q | 


— 


= 


+93952 93957293968 


94012 
594062 
54121 
594161 
994211 


4260 


93967.93972 
794017, 94022 
94067,94072 
94116947217 
»94 166 ,94171 


——— 


e 


594310 
594359 


94265,9427 
594315594320 
94364,94369 


5 ee eee 
— 


293977 
194027 
194077 
»94126 
94176 
594226 
994275 
94325 
94374 
194424 


93982 


94032 


594082 
294131 
59418 1 
94231 
594280 
94330 
194379 
194429 


93987 
194037 
94086 
„94135 
94786 
94236 
942835 
94335 
594384 

194433 


93992 
94042 
„94091 
+9414 1 
144131 
+942 40 
” 4290 
»94340 


52937 
192988 


30391 
593990 . 


93141 


9293192 


93242 


932931 


193344 


2933944 
2934451 


934931 
»93 546 


93596 


936461 
93697 


193747 


932971 


93847 
93897 
503947 


93997 


594047 
94096 


94746 
594196 


59424 
194-29 
59434 


54389 
94438 


5943 
94443 


6 


| | 


2 
. —_— 


* 4 
—— 


— 
— m_ — — 


N 
* 
, — 1 1 - S - 
K — = ” X 4 . 2 — 2 — 2 
— b, — — - 2 
_ _ = . - — * — - — - 
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45s TABLE or LOGARITHMS. 144, 
| Numbers from 8800 to 9399. Logs. from ,94448 to ,97308, 


N® © I 


2 


ESD 


1 


8 


2 


3 
$80 [94443944539445þ94463 
881 +94498],94503þ94507| 94572 


883 945969401 

+ »94645[»9465 
$5 946949469 
86 [947439474 


$7 '94792|+94797|-94302[,94307 
888 „948419486 
9 22222. 


222822 


882 4547 94 8 


„94606/9461 1 
94660 


5946 5 


+947 531947 58 
948 51,948 6 


4 
94408 
194517 
594507 
94 15 
94665 


94763 
504812 
94861 
22 


94473,94478 
3452294329 
»9457 1494570 
9462 1.94626 
94070, 94675 


,94704,94709|-947 14947 19, 94724 


947 63/,94772 
59481794922 
9486094871 


2275949 19½%94224 


94483 
294532 
594581 
594030 
94680 
294729 
94778 
94827 
94876 


„94488 
294537 
94586 
194635 
9455 


5947 
59478 
794832 


594880 
294929 


294493 
»94 542 | 
994591 
594640 

594689 
994738 
58478 
2435 
948 

»9493 


90 |,94939| 9494494949949 54 


91 {>94933[,94993 
92 {,95036[9504 1 


93 59505 5.95090 


94 95134593139 


95 þ95182|,95187|,95192,95197 
896 |,95231|»95236|,95 
97 5952799528409 5289,9 5294 
98 þ,95323|95332|-95337195342 
199 953769538 1|95386/,95390| 


59499895002 
95046.05051 
9509 5,95 00 
9514395148 


95245 


594959 
595007 
5950 56 
595105 
295153 
95202 
29 52 50 
595299 
95345 


295395 


2950 12],95017 
-95061},9 506“ 
»95T091,95114 
9515895163 
595207 295211 
9525595260 
595303,9 530 
9535295350 
+9 54001,95405 


29446 3],94968|,9497% 


595022 
95071 
2951 19 
59568 
95216 
95265 
195313 
95361 
195410 


594978 
295027 
295075 
195124 
»95173 
595221 
295270 
95318 


595415 


9508 


95 66953710 


94983 
59503 


59512 
29517 
29522 
9527 
29532 


0 þ95424þ95429|-95434»954 I 
cr þ95472|95477|95432|,95487 
9552579553 25527 


04 5956177595622 
96 5957135957 8 
907 [95761 
908 9580995813 
999 9535695861 


zO5 [,95665|,95670/\,9567 295679 
/ 


195578|,95533 
295620\,95631 


195722,9572 


+95313|,95823 
19 5366|,9537 1 


5 95775 


295444; 


»9 5492 


»95540 
»95538 
79563 

295732 
795780 
95828 


295875 


95 506 


9559395 599,9 5602 9560) 


9573759 5742 
9578595789 


295554 


»9565c 
95699 
29 5746; 
195796: 


95890 


910 995904959099 597 


911 595952795957 


12 [959999600496 


913 696047, 960 52 


914 9609 5.96099, 96 104, 96 100 


278 era 1 


596242 
596289 


963369634196 346 


1961941,9619 3 5 


96383 
6196431 


596619 


96478 
9652 5796 
59657259657 


95923 
93971 
96019 
„9606 
96114 
596161 


206256 
196307 
»96350 


-95929,95933,9593 


595976, 9 5980 


„96028 
596070 
596123 
9616696171 


96213962 18,96223 


9626 1,9626 5 
»96308|,96317 
9635 5096 360 


595985 
96033 
596080 
596128 


996175 


596270 
96317 
596365 


95398 
96445 


96492, 96 


296530 


96666, 9667 2 
96713596717 

9675996764, 96 
596806, 968 11, 968 16 


596727 
59682 


968 53,968 5896862 
96900, 96904, 96909, 96914 
5969469695 1,969 56, 96960 


96867 


597039 


297132 
797179 
97225 
597271 


597086 


97090 
197137 
97183 
597230 


97,9700 , 97007 


erer etre 


»964 54196459 
þ96553 
642|,96647 


96506 


„96600 


9668 5,9668 
»96731|.96 736 


»96774-496778[,96783 
9682 5,968 30 


968296876 


5969 18,9923 
9696 5, 96970, 96974 


„97011/97016 


96694 
96741 
96788 


96834 


9545895463 


595842 ,958 


295511 
295355 


29565: 
»9570. 
29575 
29529 


7958 
295945 
pee? 
5304 

9613: 
9618. 
9622 
96275 
796322 
23 
96417 


954198 
»9546 
9551 
795564 

956121 
59 566 
9570 
5957561 
95804 
95852 
9 899 
195947 
295995 
596042 
960 
96137 

59618 5 
59623 
„96280 
96327 
96374 
596421 


59651 
96558 
596605 
5966 52 
96699 
96745 
9679 


7596881 
596928 


597021 


997095 
97141 
97188 
97234 


9727 


220 


97049, 97053 


297 100 


597058 


97063, 97067 


597192 


2714627553 


59728 


LY 


PR, 


* 


„97239 


e 
97297 


,97 109!,97 124 


9688 
9693. 
96979 
597025 


9646496468 
1796575 


596562 
596609 
59665 | 
96703 

9675 
96797 
»90344 
59689 
9693 
9698 
9703 


9707 
9711 


9715597160 
97202, 97206 
24397253 
29722469729 
& 3". 


9716 
97211 
9725 
»97 

8 


19707 
9712 
„97169 
2726 
9972 

5 308 


TABLE or LOGARITHMS. 144. 3g 
Numbers from 9409 to 9999 Logs. from 297313 to ,99996- 


— —— 


— 1 — — — —— 8 — — T —— — — 


E 1 n 6 | 7 Sj} @* 
3940 97313 7 —.—— 97327797331½97336697340,97345½%97350,97354 
— 29735997 364,97 368 97 373697 3779732497337 297 39197 396, 974 
942 97405097410,9741 97419697424þ97423,97433,97437þ97442 597447 
[943 7e zee sere e747 97479,974837488,97493 
944 97497797 50,7 5009751975169 752: 9752597 5295975497539 
945 97543097 548,975 52þ97 557þ97 562,97566,97 57197 575/7580 97585 
g 29758 7594/97 593þ97003 $760797612/,9761 7,976 -1,976269763c 
947 „97635 5 7653þ976583|,9766 3/,97667|,97672/,97676 

9 

3 


943 [,97681|97685/,97690þ97695þ97699|97704|,97708\,97713þ977 17/97722 
949 »97727þ977 3197736þ97740þ97745þ97749þ97754»977 59þ97 763197768; 


950 |497772þ9777797781þ97786 97791 297795 9780 9780497809978 13 
1951 2787773837327 978320978 Fs 97841 2784597855 978550 97859 
952 »97264þ97868,97873þ9737 7þ97882|,97886|,9789 1,9789690, 7905 
$1953 „979 979149791 19792 397923\,97932[-97937|9794 1|:97946|97950 
1954 \»9795 5þ97959þ979641-97968\9797 397978|-97982|97987|-97991[:97996| 
955 |,98000þ98005|,98009|,980 14,980 19,9802 3,9802 8, 9803 2% 8037.98041 
1956 0804 980 509805 980 59598064, 98068, 9807 3,9807 8,8082, 98087 
957 „9809 1598096098 100%, 98 105598 109,98 114,98 118,98 12398127,98 1321 
958 |,98137þ98141|,98 146,98 150/98 155,981 59,98 165/98 162 23271 598177 
259 981829818698 1919819 5,98200/,98204/,98209|,982 14,982 18 98223 


960 98227982 32982 36982419824 5.982 50,982 54982 59,982 63.9268 
961 ,98272598277,9828 , 98286598290,, 9829 5,9829998 304,98 3089831 | 
9832259832798 331098 33698 340.9834 5þ98 349983 54/298 358 
8367,98 372,98 37609838 1,98 38 5,98 390098 394,98 309098403 
| 8412|,984 179842 rp95420,954 3093425 »984 959844498448 
[965 98483 98457984625984669847 1,847 5598480. 9848498489, 98493 
98498098 50298 50798 511098 51698 520,98 52 98 529,98 53498 538 
967 98543798 54785520985 56,98 561,98 56 5,98 570598574 98579,,98 583 
— 9858898 59298 5979860159860 6,986 10,986 7 esse 98628 
969 98632 986379864 1,9 8646,986 50,9865 5,986 5998664 \,98668[,9867 3] 
970 9867 7% 8682, 98686, 9869 19869 5,9 8700, 98704, 98708, 98713 9871 
971 9872298726873 1,987 35098740, 98744,98749, 9875398758 98762 
972 »98767þ9877 1,98776þ987$0þ98784|,98789|-9879393798|þ98802|,98807| 
973 988 116988 166988209882 5,98829,988 34,988 38,9834 31,9884 71,9885 1|}f 
974 5988 5698860, 9886 8,98869 98874 988789883 3,9888 7,988 92,9886 
975 [»98900 95905 98909-9891 93gr8,9592 3/9892 :98932|98936|,93941 
976 [9894 5þ93949þ939 54,989 58,9896 3,98967,98972,9897669898 1,9898 5 
1977 98989 7989949899 8,9003900 7,990 12,990 1609902 1,9902 599029 
978 „99034/99038, 9904 3599047990 52,990 56,9906 1,9906 5,9906, 99004 
'979 |99978þ9908 399087|-99092199096,99 100[,99 105199 109þ99 1141-99118 


980 76 7991 es g e 2135 9974999754997 5899762 
981 991679917199 17699 180099 185,99 139,99 93,9998, 202,990 
982 992 11699216,99220,99 2249922 9,92 33,952 38,99 2429924799251 
983 {992 55þ99260,99264,99269,,9927 3,9927799 82,992 869929199295 
984 99 300,99 304, 9930 2922377 3232½%2 28% 335 99329 
985 [»99344þ99 34399 352þ993 57993619936 2227 »99374+þ99379[-9933 3] 
236 |,99333þ99 392199 396þ99401|99405|,99410| 9940999423, 
987 — KR paete 9944 51-99449|-994 541-994 53,9946 3 22.7.9947 
988 9947 6þ99 480 199439|,9949 399498099 507,99 506995 11,99 57 5 
989 [995209952499 52899533 99537þ99542þ99<46,995 59þ99555|,9955 I 
'990 |,99564þ,9956399572p99577699531|99585/»99590-9959499559|,9960J 
991 [,99607þ996 125996169962 1,99 25-99629/,99634/,990 3899642, 99647 
992 99651699656 669.9967 39967 Zn 


| 


993 1990999 9699 9971799721997 6,997 30, 99734 
994 2278275 599760 282722775 99778 
995 5997 9980499808, 998 13,998 17,9982 


848,998 52,998 569986 1,9986 5 
99896, 9990099904, 9990 
2999399994 3|59994$[,999 52 
»999751,99983 ,9998 71-9999 1[,99996 


996 
— 


370 TABLE or SIN ES anv TAN GEN TS. 145. 


egree. 


| 


9 Degree. 
Co- ſi ne 


9.99993 
9599993 
9.99 93 
9.99993 
9599992 
{199999218 
999992 
9799992 
99999 
' 222221 
105, 308799, 9999 
9.9999 
999990 
9.99990 

997929990 
97599990 
9,99989 
9.99989 
80 99989 
92-9989 
999988 
9.99588 
9.99988 


Sine Su »finr 
ol0,Coouo! t GCCOC 
16, 463739, 99999 
2 e 999999 
3 6,9408519,99959 

| — 79.9.9299 

3246223 9, 99999 
67, 241889599999 
7, 30882 9799999 
7+36632(9,99999 
741797 2.22222 


7.45373 9,99999 
7,505 12/9,99999 
7.542919. 99990 

7557767 9,9999 
25528555 99999 
35849. 99999 

„66784 9.99999 
77769417 9,9999907 
7571900 9,9999907 
22448 9229992424. 


: | 7470475 9599999 

| 21|7-78 594 9:99999/7 
| 7.80615 9,99999 

7732 545 999999 
77584393 9 95599 
[7236166 999999 
7.87870 9, 99999 
7.89 500 9.99999 
2807 91088 9,99999 
9.292812 9,9998 


30% 94034. 9,9998 7,94<56 
37 95858 9999,79 10 
327796887 9.99998 7596889 
5.855 23 9,99998 7293225 
34·99520 9.99998 7.99522 
353.0779 9.99998 8,0078 
368, 2002 9,9999808, 2004 
37\8, 03192 :9,99997}$03194| 
38 — 9, 9 9 — 
3988473999997 85841 


2 4 99997 8,06 581 
47 3,078 50 9,9999) 8,035 530 


Lang. Co-tang- | 
0,c000c; Infinite. 80 
6,4637313, 53627 52 
6,76476\1323524 5 
6,9408 5 13.091557 
7.06 579 12, 3421 56, 
7,1627012 $3730 55 
7,2418812, 758 12 54 
7,30882 12,6918 53 
7.36682 12,6318 52 
2417971288203 81 


„ 
7450512 12,49 8841 3,31495 
755429 12,4579 4 1265,32103 
7.82265 2,4423347 15%, 32702 
756098612, 390144%14 — 
7,63932 12, 3601845 15 ——— 
oo 12,3321 777 10 

6941 335 

„71900 2, 28 
22822277845 
776476 12,2 3524 40 
7.28595 12, 21405 39 
7;80615|12,19385, 38 
7.82546 12,1745437 
7.84394 12, 15606036 
73587273837 5 
7,8787112, 12120 34 
7789 5 10ʃ12 104903 
7,9108912, 089 132.2 
222513 12,0738 31 


Taube 25059740 

2, 4407 
12,0311 
12,0177 
ta, oo 47d 
1199219 
i 197996 
1 1,96806 
11,95647 
11945191039 


—— 
11,92 347 


Co-rang. . 
11,7 5808 60 
11,7 5090 4 

11,74384| 53 | 
13,73688' 57] 
11,7004 56 | 
11,72331 55 
2 11,71668 54 | 
FHl,71014 534 
11,72371|52 
11,69737|51 
117697 12 50. 
11768495045 
1,6788848 
11,67289 47 | 
11 566698 46 | 
11,6611414 5 
11,65539/44 | 
11,64971143 
I1,6441c|42þ 
11,6382 4 
11,6331140 
116277139 
11, 62238 
1161711 
11,6119 
11,60677 
11, 60168 
11, 59666 
11,59170 
11, 58679 


11,58 193 
11557713 
11, 57238 
11, 56768 
11, 56304 
11,55844 
11,55339 
11,54939/23f 
lx, 54493{22 
1155405221 
22758387520 
112785 19; 


Tang. | 


054292] 
424910 
* 
8.26312 
__ 
27669 
8,283 236 
8,289 6 
vs 
8.30263 
8, 30888 
$,3r505 
$.32112 
8, 3272 
$,33302 
$, 33886 
$,34461 
$,35029 
8,35590 
$,30i43 
8, 36689 
537762 
237702 
7697999878, 38289 
24 9.999878, 38809 
2 55.2933 10{9,99937! 8.39323 
2603,3581809,9998 608, 39832 
2226 9,9998608, 40334 
8.408 7069.999868, 405 30 
eee 9.9998 99085 — 2 
94799 2552 41807 
84272 9.9998 5|$,42287f 
3,42 746 9.99984 8, 42762 
8.43216 999848,43231 
,43550(9.99984/$,43696 
9.9998 38441 56 
9999830844611 
9- 99983045061 
9,0998208, 45507 
9:99982|8,45948 
9.99982|3,46385 
5 8,468 17 


„ A... _ 


Lan. dude. At 


"oe 
— 1 


* 


3 


cls rs 


„ 


42 
43 


8,09718 


448. 10717 
45085 11693 
40 8,12647 
47 8˙13587 
48 8.14495 
40 8.15390 
5875 16268 
; 51 3.17128 
hag, 
| 
53 „1879 
54.8,196100, 
8, 20407 
56j3,21189 
8,21958 


55 


$,05596 


9799997 


999996 
9.99990 
9,99996 

9599996 
999996 
9.29996 


9199995 
9799995 
9799995 
999995 
99995 


9799997 


8,08 700 
8, 09722 
1 10720 


511696 
8,1268 
8 123585 


795 


11,9 130 
11, 90278 


11,87 349 
11,8641 5 


8,1450011, 8 5 500 


11,8465 


11, 89280 
11,88 304 


516273 
217133 
$,17976| 
$,18804| 
8,19616 


521 19 5 
521964 


3.20413 


77,3720 
11,82867 
1, 8a024 
11,811 
11580314 
11,7 227 
1178805 
11,7803 


2 
1842 
17143 
16 44] 
I 
1 
＋ 
1214 
2 


„40304 


8,4978 
908 4915,50108 


9.99980 


5999980 
9.99979 5 


9599981 
9.99980 


9799979 
9799979 


9.29278. 


8, 47245 
8, 47669 


8, 48089 


8,49729 
50130 


50/8, 5050419,99978 


9.9977 
9.99977 
9.99976 
9.99976 
9199975 
9.99975 


9799977 


7 50527 

8, 5Sogac 
8.51310 
8,5169 


1 5 
$,52 3 


8,48505|11,514 
,48917|11,51083 
£49325 11, 50675 


11.428870 


11, 5275518 
11,2331 17 
116191116 
815 


155i 


10 


11,4947 3| 


I1,47i65 
1146792 


14 
13 

1214 
114 


299994 
2 5 

$7 9,99994{8 
5313,22713'9,99994 


598,234 69,9999 
60/8, 24186999993 


E 


8,2 3462 
$,24192 


11,77: 
11.7653 
11.7 $50 of 


9: 99974 
999974 


Co-tan. 


— — s 


Fo- And h Sine 


Tangent. 11 


— 


— — —8 


2 Degrees. 


| 1/3, 54642 
2 


3 
4 
5 
6 
7 

8 
a 
10 
11 
12 
13 
14 
15 
16 
17 
18 


20 
21 
22 
123 
24 
25 
26 
27 


28 8 


29 
30 


$,55354 


13457757 


Sine To- fines 
9,99973,$>54569]1 1,45337/59 
9999733, 55027 


"018, 54282 


$, 54979 


8.55705 
8,560 54 
8. 56400 
8.56743 
8.57084 
$,5742! 


Tang. 


. 


9799972 
9799972 
9799971 
979997 
9799970 
9799970 


8, 58089 
8, 58419 
8.58747 
3.59072 


24 969 
—— 
9.997568 
9,99903 
9.99967 
9599967 


359395 


$,60033 
8,60349 


198,066 


$,60973 
3,6 1282 
8,61539 


8,6219 
8562497 
8.62795 
8,6309 1 
63385 
6563678 
8,6 3968 


8,642 56 


$,64543 
$,64327 
8,6510 


$,61394 


979995 


8,673089,999 32 
8.675759 98951 


3,68886 
2869144222947 


8, 54308 


8, 55382 
8.55734 
8, 50083 
8, 56429 
$,59773 
8,57114 
8,57452 
$,57799 
558121 
8,5845 
8,8779 
8,59105 


9599966 


9799905 
9799965 
9-99964 
999904 
909963 
9799963 
9799962 
9799962 
9,9996 
9599961 
9,99960 
9599900 
9.999 59 


8,5975 15 


8,5942 


8,0384 
8,0698 
8, 61009 
8.61319 
3,61620 
8 61931 
3,622 34 
8.62535 
8,628 34 
8,63131 
8,3426 
8.637 8 


9.99959 
9.99950 
2299958 
9.99957 
979995 


95799955 
9799954 
9999 54 


9.99953 
7799952 


959995 
9799950 


9599949 
599948 


8,6990 


8.9400, 9994 
: 8,696 54 


8,701 59 
70409 
8.706 589, 99944 
8.7090 5 
8,7115119,99942 
$ 7139519>99942 
8$,7164819,99941 
8.7 13*019,99940 


9,99946 
9.99946 
9599945 
9» 99944 


999943 


O Hu- 


E 
& 


7 
8,6429 

8,64 585 
8,4870 
3,05154 
65435 
8,65715 
5.65993 
8.66269 
8,6654 2 
8,668 10 
8.67087 
8,67355 
3,67624 
8.67890 
3,68 154 
8,6841) 
8,68938 


8.694 
8,9962 
8,702 14 
8, 7046 
8.70714 
8,70962 
3˙7 1208 
»71453 
$,7 1697 
$,71940 


Sine 


Co tan 


I 1,45092 60 


es if 58 
11461857 
11,4426 56 


11,4357 154+ 
1143227053 
11, 42880052 
115 42545 
114221250 
114187949 
11,41545145 
11,4122; 47 
11, 408946 


TABLE or SINE S any TANGENTS. 145. 371 


" » x =: - 
—— — — 2 
— — — — 


3 Deg recs. . | 


Co-tang.; | 


11,43917;35} 


11,405721+5 


$1,402 51/44. | 
.boobs 143993243 
1153900 20 

Ml 


117539302 


11,3868 1/39 
i 1338 374138 
11,38069[37| 
11,37766136|| 
11.374655 
11,37166034 
11, 36869033 


4,3657432 


11535994030 
11,3570 9 | 
1135415028 
11,351300 27 
11,348 
1, 34565 
11,3485 24 
11340073 
11.337302 
11,33457j21 


113318420! 

1T,32913{19 

11, 3464418 
6 


11.323707 
11,32110016 
113184601 5 
11,31 583014 
11,31322 13 


. 


— 


11, 30547 10 
, 30292 9 
11, 300 818 
115297 7 
11,2957 6 
1,2928605 
11.290380 4 
11287920 3 
11,28 547 — 
1, 8303 1 
1128060 of 


tangent. M 


11,31062|12 (48 
2.2 1,30804/r1 


ps | 
OO © 


11,3899 440 20 


30 
31 
32 
3 
34 


35 
36 


32 


38 


22 


40 
41 
42 
43 
44 
+5 
46 
47 


50 
51 
52 


1153 
5408, 8326 


55 


— 


5 

57:3,$381 319,9989718,$3916{ſx 1, 16084 
13,$3990\9,99896 

59/ $,38417719+99895|3, 3428211 1,1571 

60 8,84.358 +-99894.3, 3440 © 

— Cine | Sine Co-ran-| Tangenr. 1 | 


58 


Sine 


Co- tine] Lang- Co-cang. 


8,72359 
$,72597 


3475795 


$37 18800, 99940 
8,721209, 99940 
9,9993988, 7242011, 27580 


8,7422 69, 9993 


9599929 
3,760 159.99928 
8576234 999927875300 11.23 09441 


599938 


8,7283% 993888, 7289 
8,7 3069 9,9993788, 73132011, 26868 55 
608.733039.999368, 733661, 663454 
71»73535 9+99936| 53 
803,737679,9993 58,7383 52 
8572997 9.9993 


8,7300 1, 26400 


= 
59] 
58, 
8,72659]11,27 341|57' 
11,27 104| 56; 


3,7194011, 28060 
$,721$4[11,27819 


14,26: 69L 


$,74063|1125937\51f 


8,74294/11,25703|cof 
8,744549,999 3368.745210 525479049 

8,7406809, 9993208, 747481 l, 25252 

„749069, 999 3213, 74974! 1, 25026 
5,5130 9.9993 108, 75199011, 24801 
„75333 9.999 3087342 1924577] 
$,75575.9:9992913,7 504.51 1»24355 
8,75867]11,24133 


»76087]11,23913 


376451 
3.76667 
8,7688 3 
8,709 
8,77310 
8.77522 
877733 


9799920 
9,99926 


9799923 
9799923 
9799922 


8.77943 
578 1 52 


1,3623231 2908,78 360 9599920 


$, 3506 
$,78774 
3,78979 
8.79183 
8,79380 
8.79588 
8.79789 
8.79990 
8,80 189 
8,8388 


9799921 
9599920 


8.76742 11, 2325839 
9,9992 513»76958|1 1,23042|38 
9,99924137717 3 — 

8,77387/11, 226133 
3,770 
8,7781 JU11,221890344 
3,7802 
8,7823211, 2176832 
$,78441[11,21559; 341 


3,76525[11,23475 40, 


I:,21978 33 


9989979 
5.95918 


9 999176 


9799917 
3.99916 
9.99915 
9799913 


229212 


8,30782 
8,80978 
8,3117 3 
5,81 367 


8,31752 


8,8 1944 
8,82 134 


49 8,82 3 245 


e 513 
8.82701 
8,82888 


3,7864911,2133 mew 


v,78855|[11,21145 291 


79061] 1, 2093928 


3,79266|1 1,207 34 27 
8,7947001, 205 306 
8.79673, 2032725 
97999 14% 
8, 80070011, 19924 231 
9,9991308, 8027 1,1972322 
8,8047601 1.19524 21 
8,8058 5 99911 3,8007 11,19326/20 
—.— 8, 8087201119128 190 


79S75[11,20125' 


9,9990908, 8 106 115189321871 


9599908 
9599906 
979990 


9799907 


599898 


9.9990. 3.8242 
9.9990 308 


959900 108,8298 7/1, 7013 
97599900 8,8317 11, 16825 
9,9989988,8336 101, 16639 
9.993931. ; 547111, 16453 


9599909 3,8126 11,18 6:17 
8,81459|11,13$54r)16% 

8,8 156009, 9990) 8,81653011,18347 151 
8,8:846|11,48154\14' 
9:99905|8 | 


| 11,17390|1 
11,1720 


8,8373211, 10268 


8.841 111 3900 2 


pl yy 
11.155360 off 


87 | Degrees. 


380 Degrees. 


a, 
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$72 TABLE or SIN Es anv TANGENTS. 145. 


4 Degrees. n 1 5 Degrees "ll 
W Sine Co line | Tang, Co-tang. Bi Sine |Co-fine | T LE Co-tang. 1 
! 5519»99894[3,84464[11,15535|6c|| 08, 940309, 998346, 94 19517, 580 
108,84 539%,998 308, 846411, 1535459 18,94 174,998 3308, 943401, 5660 50 
23,34718 9-99892(3,84826|11,15174|58|| 218,9431719,99832(3,9448$5 110551558 
38534897 9,9989 8,8 500611, 14994057 38,9446 1, 998 3108, 9463611, 537 0.5) 
48.8507 59,9989 108,8 518 011,148 15056 48,9460 3, 998 3008, 9477311, 0522756 
38582555 235835 8,85363 1.1914637155|| 513-947409,9982913,94917|11,05083]55 
618,85429/9,99839|8,8554<|11,14460|54|| 618,94887]9,99228]8,95060| f 1, 4940 54 
78,8 5608/9. 99888]8,85717]11,1428 30530 78,9 5029, 9982708, 95202 1,0479853 

8 8,8 57809, 998878,8589 11,1410 520 88,95 170 9.25823 8.95344 11,046 5652 
; 2888285 9.99880 8,8006069 I1,13931|51 918>9$31019-998 2 $,95436 11,04 514/51 

| 10 8612809,9988 508, 8624301 1, 1375750008, 9 54 50 9.99823 8956277784373 500 


— 
— 


118, 8630 19, 998848, 86417]11, 13583049 

12 8,86474 9.99883 ne 11,13409|483| 

138, 86645 9,99882/8,867630(11,13237ʃ47 
48, 868 16,9988 108. 36935 11,1306 5[ 4607/8, 9600 f, 998 1908, 9618711, 03813 
iy ,36937/9,99380[$,37106|1 1,12894[45 


1 56 518,96 143 9.998173 £,96325 11,03675 
$,37156/19,99$79|{8,87277|11,12723[44|/16|8,962 To 98 16|$,96464[11,03536 


,9572819,99821[8,95908|11,04cg 
8,9586719,9982c[$,96047|11,03953 


by ww 
NN 


FEED: 355267 1104233 


* cy - 


Th 87325, 99879 8,87447 11,12553 043/178, 96417, 9981 6/8, 96602 11,0 3398 
188, 87494 9,9987808, 87610 1151238442 808,965 530 998 1415-967 39 11,03261 
19 38,8766: 19.99377|$,$7785 —. 2213 4198.906890. 998 1308, 968771103123 


208, 878299,9987008,879530U1 1, 1204/4002008, 9682 519,998 1288, 9701311, 02987 
218, 8799 59,9987 508,88 12011, 1188039 8,9696009, 998 1008,97 15011, oa8 50 
228,88 1619 99748,8828711, 11713038 22 8, 970g 69, 9980908, 97285 11,0271 
23 '$,38326 9,9099738, 338373 1111547037“ z3 8,972299,99 80888, 9742 1 11,02 579 
24 8,38490,998 7208, 8861811, 11382036248, 973639, 99809,8,975 5611, 244436 
2 5 8,886 549.9987108, 88783 11, 1121703502 508.9749659, 998068, 9769111, oz 308035 
268,888 17 9,9987008, 88948111 1052034008, 97629 9980q/2:97825 1102175034 
78, 889809, 998698, 8911111.10389 33 27 3.27255 95998038, 979 5911, 2041033 
288, 891429 998688, 8927411, 10726032 | | 


978949 9 807 8,98092 11,1908 
29 $,89304 9.998678, 89437 1.10563 — 29 3 9980108, 822511,0177 5031 


30 8,8946549, 9986608, 89 598011, 10402 7 — 9,99 8008, 9835811, 064200 
. [32 53962 59,9986 508,89 760 1, 102402903 108,982889.99798ß8, 984901, 01 510029 
32 $,39784,9-9986418, 89920] 1,1co80[23|/3218,9841919,997971$,98622|11,01378|28 
(| 33 5-3994.3,9:99863|3,90080|1 1,09920|z7 33/8: 33:49 29979613987 531110124727 
348, 90702 2.22862 — 11,09 760026348, 98679 9,9979 5 8,9888411,01 11602 
35 8, 90260 9,9986 18, 90399 1,0960 12 503 508,9 88089, 9979 3,8,9901 5|11,co985|z5 
36 3,9041 7,9,99860[8,90557]1 :,09443[241[36 8,989 37192997 92|9+991451 11,0035 5/24 
37890574 9,938 39 8,97 151,923 5 23037 8.990669, 9979 8,9927501, 03 
38 8,907 30 9,99855|8,90872 1109428022038 359079499 9979088, 9940517, 0595/2 
39 8,9 88 5% 998 578,9 1029 1.089721 35 $,99322 9.9978808.99 5 34411, 0406 ·1 
40 8,9 1040 9,998 508,9 1185/11, 881 520040 3,9945019,99787 $,99662|11,00338[20 
4r;8,91195/9,9985 5 $,91340|11,08660 19114118,99577/9,9978618,99791|11,00209|19 
42;8,91 349/9»998 54[$,91495|r 1,08 50 5184208, 997049, 9978 f8, 999 1911, coos 1[18 
38915029, 9985308, 1650.1, 8350743 8,998 309, 9978 30, 00410, 999547 
44,9165 59,998 528, 9180311,08 19716044 8,999 56 9799782 9,0017410, 99826016 
453.91807/9,99851 $,91957|: 2,0804.3|15|45|9,00082(9,997$119,00301|10,99699/1 5 
418,91955;9»99850!$,92110|11,07890| 141/46 9,0020719,9978c19,00427110,9957 3114] 
4718,9211019,99848[8,92262/11,07738 9 99778, 0055301, 994473 
7 


. , 
8 5 
2288 * 828 


* 
1 


4888,9 2261.998478, 924141, 07 5861289, o04 569, 99777, 057910, 9932 1012 
4918-9241 1/9.99846\5-92565|r 02423 13]149]9,005$119-9977619,00803[10.99195/11|| 
5008, 9 56 1,9984 508,927 16/11, 784.1050, 007049, 5977 519,009 30 10,99070[10 
6188,92 0, 99844,8,92866 1,7134 95 1%, co8 2809, 99773, 105 610, 98945 
5218 928 599,99843 2293016 — 80529, oog 519, 99772, 0117910, 98821 
53549 3007.998408, 9316511, 0683 5 71/5 319,0107419,9977 119,01 303010, 98697 7 
5468.93154% 99847ſ8,93313 11786687 6549,01 196, 99769, 142710, 98573 
58,9 330119-9984018,93462| 1, o6 538 5 59,1318, 997689, or 55010, 984 5e 5 
56ſ8,9 34489, 9983908936091, 639 1 456, 14409, 99767, 167310, 98327 4 
5268·93594ſ,99832 755780 11,6244] 300679, ol 5619, 9976 f, 179610, 98204 30 
5 293740 9-9933713,92905|11,06097] 20589, 016829, 99764, 01918010, 9808 
5915-9335 5,9983608, 9404911, 59 510 10599, oi 8039, 9976309, oa 040 10,979 
94030/9,99834(3,94195|1 1,05805 9609, 1923 9,9976 109, oa 162 10,9338 
Co-fine } Sine [Co-tan. Tangent. NA ICo-fine ! Sine Co- tan. Tangent. 


_ Degrees E 84 Degrees. 


TABLE or SINES AD TANGENT S. 145. 373 
6 Degrees. 


Sine Co gne.| Tang. |Co-tanz. fine | Tang 'Co-tang- 


09, 01923 9,9970 [9.0210210,975 38060 ,08 58909, 9967 59, 089 1410, 91086060 
10,2043, 997609, 02283109771 590 119,0869219,99674;9,09019 — np 59 

9.02163 9,9975 950240410, 9759658 9,9967209, 09123010, 908775 

30. 02283 9,997 57,02 52 50,9747 3.0889) 9.996720 950922710, 90773/5711 

02402 9, 997 56,0264 50, 9735556 49.089999, 996699, 093 3010, 9067056 
902 52009, 997 5 59, 0276010, 9723455 9966709, 094 34/10, 9056665 
9 026391999753 9,0288 510, 97 11 5 54 619,09202[9,99666[9,09537/10,90463 | 
79:02 257.997 5219,03005|10,96995| 53 9,9966409, 09640010, 90360053 1 
$19,0237419,997 5119,0312410,96876| 52] 9,9966 39, 09742010, 902 58052 | 
9,03242 10,96758]51 9.90966 10,9840, 90155 510 
„03367, 963980, 5 6,998 59 9,0994710, 200 5350 
0226 9,9974, 03479. 0,96 52 149 fff 1,09 707%, 996 589, 10049110, 899 5 149 
129,03 342 9.9974 ,0 3597/0, 9640 304820, 9807, 996 569, 1015010, 8985048 
39,034 589, 997440903 14.10, 9628047 39099079, 99055, 1025210, 974847 
149,03 5749,99742 9,0 383210, 9616804649. 10006 951035310, 8964 7046 
15, 03690 9, 99741, 0394810, 96052 181010 9,9965109, 1045410, 895464 f 
15.9, 380 59.9409, 405 510. 9593504469, 020 59,996 50%, 1055 f10, 8944844 
179.0392009, 097389, 041810, 958 19043 964809, 106 56 10, 89 34443 
9.040 3419,997 371904297] 0,9570342 1319, 104029, 996479, 107 0,8924442 . 

19/9-0414919,997 36[9,0441 3]10,95 587/411 11919, 10501 » 1964 519,108 5 10,89 1444 11 


2009.042529, 997 340, 0452810, 9547240009, 105999, 9964 309, 109 56 10, 8904440, - 
2119-04 37619,99733/9-9404.3119>95357139 
2219-04490\9,997 3 109, 58010, 9524203829, 109 5,9964009, 1115 
39,4603 0, 997 309,048 310,95 127/373, 108939,996389, 1125 
241940471 59,9972 319, 0987/10. 9501 303604, 109909, 99637, 1135 
259.048289.997279.0510 1034532 350251108 7,9963 5,1145 
0494009, 9972609, 5214010, 94786063426, 1118 
„053280, 946720330279, 1128 1,996 3209, 116490, 88351 33 
89,05 1649.997239. 0544 110,945 59 2 289, 1137799963919, 1124710, 88253032 
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11941 347/9,9849 119,428 56 
9,41394/9, 93488 
9,4144119,9 48 


9,414.88 
9741535 
9,41 582 
9,41628 
9747675 
9.41722 


42906 


10, 57195 
10457144 
IO, 57094 
10, 57043 
10, 56993 
10, 56943 
10, 66392 
10, 56842 
to, 56792 


9,4768 
9541815 
9.41861 
9741 908 
941954 
9742001 
9542047 
942093 
9542139 


9 42186 


— 


942232 
942278 
9754324 
9742370 
9742410 
9742461 
9742507 
942353 
997542599 


9,98457 


9934530,43408 
9,9845009, 43458 
9,9844709, 43 508 
9,9844309, 43558 
9,9844009, 43607 
95984369, 43057 
9,93433|9»43707 
228429092432 
9,9842609, 43806 
8422, 43855 


99 
993419 
9,98415 
9,98412 


9.984609, 43308 


9 98409 


9,9840509, 44102 
9,9840209, 44151 
9,9839809, 44201 
291942644|9+95 39519-4425 


9,43353 


9543905 
9743954 
9,44004 
9,44053 


10, 56692 
to, 56642 
10,56592 
10, 56542 
10, 56492 
10, 56442 
10, 56393 
0, 56343 
to, 56293 
10. 5 


10, 56145 
10, 55095 
10, 55046 
10,55996 
10355947 
o, 55898 
10, 55849 


9542690 
942735 
9542781 
942826 
942872 
942917 
9742062 


943053 
9743098 
9743143 


9.233 
9.430079 


9798 331 
979837 
9798373 


9798363 
2.25359 


44446 
9544495 
9744544 


9:44 690 
9754473 8 


9.44397 


10,55799 
10,55750 


10, 5 5 50 
185545 
10, 55408 
10,5359 


10, 55310 
10, 5 5262 


10756242 


10, 55213 


9:98 352 94452 10, 55164 
9798349 9,4488410, 551 16 


9,9834 50, 4493 410, 55067 
3234574451 10,5019 


41, 44188 
1 2 
319-4327 


43 


9405389, 98 5489, 41990010, 58010116 
969, 985454204 (10, 579 595 
3419-98 541.4209310, 57 
682, 98538 9,4214410, 57856! 
9407309, 98 5354219510, 57805 
9985319422401, 577 54011 
509, 4082 5, 98 5289, 4229710, 57703 
51940873, 98 52 59, 4234810, 576 52 


959832009, 4527110, 54729 
9.98317, 4531910, 54681 
6800, 9831309, 45367 10, 54633 
9,4372409, 98 309 27 510, 54585 
9,4376900, 98 3060, 4546310, 545 7 
9438 130,98 302, 45 511/10, 54489 
569,438 579,982999,45 $59 10,5444! 
9.4390 1,9829 5,4860610, 5439 
9743945 — 954 34/10, 5434 
95439909,982889, 4570210, 54298 
60 99828419,457 50] 10» 5425C 


Vangert. 


— 


** 


Q » Þ w Þ in yn wo 


f 


' 


. 
ö 


: 
: 


' 
' 
; 


| 


N 


| 1 


F 


— 


16 Degrees. 


— 


Q. 


944078 
944122 
9.44766 
9244210 
944253 
9744-97 


2 
. 
809 


9.44385 
9244428 
109, 44472 
11/9,44516 
9744559 
9,4402 
149, 44646 
15 9544689 


Sine. Co- ſine | Tang. 


Co-tang. 


17 Degrees. 


. 
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Sine 


]1Co-fine 


Tang. 


Co-tang, | _ 


944034 9,8284, 457 50 
9798281, 45797 


9798277 
998273 
9,98270 
9,93266 
9,982.62 


9.98259 


9798255 


97982 57 


998248 
9798244 
9598240 
9.98237 
998233 
998229 


109, 44733 


9.4481 


945035 
9.45077 
9745120 
9,45163 
9,4520 
945249 
245292 
9.45334 
9545377 
9545419 
9545462 
954750 

945547 
945589 
9,4563 

954567 


24570 
9,45758 


49,4580 


439.4588 
* 
459,459 9 
40 46011 
47, 46053 
489, 46095 


509, 46178 
519,46220 
5209,46262 
53946303 
19.406345 
559,46386 
569, 46428 
57946469 


9,46 552 
9 


19/9:4486219,9821 5 


998098 
gs 
9,938090 
9.98087 
9,98083 
9598079 


$9419» 


226 


9598218 


9598 200 
9,951 9 
9798192 
9598189 
9,9818 5 
9,98 181 
928177 


9.45845 
9545892 


o[10, 53870 


10, 542 50 
10, 54203 
10,54155 
o, 54108 
10, 54060 
10,54013 
10, 5396 

10,5391 


10,3823 


9546271 


9.46366 
9,464.13 
9,464 6c 
9446 507 
9,465 54 
9546601 
9,46648 


9746319010, 53681 


10, 53776 
10, 53729 


10, 53634 


10,53587 46 


10553540 
10,5349 
10,5344 
10, 53399 
1.83352 


9546694 
9:46741 
9,46788 
9746835 
9546881 
9,4928 
9,4697 5 
954702 
9, 47068 
947114 


10,3265 


10, 53306 


10,53259 
10, 53212 


10, 5307 
10, 5 302 5 
10, 52979 
10, 52932 
10, 52886 


9,98 174 
9,98 170 
9,98 166 
9598162 
9,98 159 
998155 
9,981 5 
9798147 
9798144 


392421698140 
40 


97987 36 
9,981 32 


14219-4 534 31993128 


9,98 125 


9798121 
97981177 
9.98113 
9598 109 
0 
9,46 13609, 98 102 


598 106 


947160 
947207 


9,472 53 


10, 62840 
10, 52793 
10, 52747 


94729 


9.4748 
934753 


947346110, 52654 
9,4739210, 52608 
9,4743810, 52 562 


147579110, $2424 


10,52701 


10,42516 
10, 52470 


9,4798 


9,4762210, 52378 
954766810, 523 
9347714410, 522 
94776010, 52240 
954780610, 52 194 
9,478 52010, 52 148 
9,4789710, 52103 
947943] 10,52057 


16 


10, 52011 


954803 510, 51965 


98094 


9,432 


9,4808010, 51920 
9,43126|10, 51874 
9,43171110,51829 
9,43217110,51783 


94830710, 51692 
9.980759, 48353010, 51647 
9,9807109, 48398010, 5 1602 
589,46 5110, 980679, 4344310, 51557 
9806309, 434 
g8060|9,485 


1, 51738 


10,5111 
10, 5 1466 


Sine | Co- tan. Tangent. 


599,489 59 
60,4899 8 


99,46 504 
109, 46635 
209, 46676 
31945717 
419,467 58 

97546800 
546845 
709, 46882 
9746923 


9547005 
9547045 
9,47086 
9,47127 
9,47168 
9,47209 
9747249 
9747290 
9747330 
9747371 


9747411 
9747452 
9,4 7492 
9247533 
9347573 
9,47613 
9.47654 
9:47694 
947734 
9347774 


9,47814 
9,473 54 
9,47894 
947934 
947974 
9548014 
9748054 
9480 

943133 
948173 


9.46964 
— 


9598060 
9798056 
9,980 52 
9598048 
9598044 
9.938040 
9,93032 
998029 
979802 5 


9,48 534 
9748 579 
9748624 
9,4 $669 
9748714 
943759 
9,43804 
9548849 
9548894 
2.48939 


9798021 
9598017 
9.98013 
9,9 8009 
9,98005 
9798001 
9797997 
9797993 
9.97989 
9597986 
9.97982 
9.97978 
9597974 
9597970 
9597966 
9597962 
997958 
9797954 
9797950 
9297946 


9797942 
9797938 
9797934 
9797930 
9597926 
9797922 
97979 18 
9597914 
9,97910 
997906 


| 


9.48213 
9,482 52 
9548292 
9548332 
9.48371 
9548411 
9,484.50 
9,48490 
9,48 529 
9,43 568 
| 22 
9545047 
9548686 
948725 
9948764 
9,48303 
9748342 
9548881 
948920 


979790 
9,97898 
9.97894 
9597890 
9597886 
9.97882 
997878 
9797874 
997870 


9, $0529 


9548984 
9549029 
9749073 
9749118 
9549163 
9549207 
9249252 
9549296 
99749341 
94938 5 
9749430 
9749474 
9749519 
9549563 
9,4960 
9549652 
949696 
9549740 
949784 
9.49828 
9.49872 
974991 6 
9549960 
9, 50004 
9550048 
9. 50092 
95501 36 
9, 50130 
950223 
950267 
9550311 
9750355 
9550398 
950442 
9, 50485 


9,50572 
9, 50616 


9, 506 59 


9,97866 


9797861 | 
9,978 57 
9,97853 
9.97849 
9797845 
9797841 
9597837 


| 


| 


9,97829/ 


997825 


Co- ſine 


997833 9551 
9551092 
953113 
997821 965117 
Sine |Co-tan. | 


9550703 


9, 50746 
9, 50789 
9, 50833; 
9550876 
9550919 
9, 50962 


$5100; 


10,49297 


5 0, 51406 
10, 51421 
10, 51376 
1951331 
10, 51286 
10, 51241 
10, 51196 
10,51 151 
10, 51106 
10, 51061 


10, 51016 
10,50971 


10, 50882 
10,50837 
10259793 
I0,507 
10, $0704 
10,50659 
to, 506 1 5 


10,50570 
10,50526 
10,50481 
10, 50437 
1550393 
10, 50348 
10, 50304 
10, 50260 
ro, co 16 
10588122 
10, 50 128 
Lo, 50084 
10, 50040 
10, 49996 
10549952 
10, 49908 
10, 49864 
10, 49820 
10,49777 
[9549733 


10, 49689 
10,4964 5 
10,49602 
10,49558 
10,49515 
10,49471 


10,49428| 


10, 49384 
10,4934 1 


10,492 54 


10, 4886 5 
10, 48822 


Tangent. 


10, 50927 


een 


- 


73 Degrees. 


— — — — — — 


— 


2 Deg 


Bro wv 
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— — — — r , — 


18 Degrees. 


— — 


19 Degrees. 


————— p— Bfil —⁰—Äẘ — 


— — — — 
Fine Co-ſine 


5.4590 9597821 


11949037 9,9781) 
490769,978 72 
9,49115 997308 
9,491 53 9.97504: 
519-49 1929-97800 
949231 997790 
719492099997 797 
9,4930 


(9»97 788 
219-49347|9+97 734 
10/19,49335 


111949424 


2927779 
9497775 

1219,49402 

1 319,49 500 


9997771 
9997767 
1419495 39 
15 9249577, 
[- | 


4 


D 


9,5126. 


997763 
997759 


9769 


9,97721, 521990, 478 
9,9777, 52242010, 477580355 
9,5228. 10, 4771003 70 
9,5232600, 476740330 
9.977049, 52368[10,47632 


Tang. Co- ang. 


9,5117800, 48822 
955122010, 48779 
10, 48736 
9,5130610, 48694 
9,5134910, 48651 
9,51 39210, 48608 
9,5143 10, 4565 
9,5147810, 48 522 
9,51 520/10, 48480 
9,51563110,434.37 
9,5160610, 48394 
9,51643]r0,433 52 
9.5169 1010, 48309 
9,5173410, 48266 
9,5177610, 4822 


Co- ſine 


9797557 
9,97 563 
997558 
9997 554 
9797550 
9197 545 
9,97 541 
9,97 536 
9,97532 
9,97 528 
9797523 
9597519 
9797515 


97551264 
109, 51301 
9731337 
319551374 
49551411 
5951447 
619, 51434 
719»51520 
81951557 
919-5: 593 
1009,5162 
11 9,51668 
1209, 5 1 702 


53 
52 
2 
5 
49 
48 


Tang. 


9,5697 
9553738 
9553779 
9953820 
9,53861 
9753902 
9953943 
9, 53934 
9754025 
9.54065 


97554106 
9754147 
95418 


471139, 5173809,975 10 


4 


955181910, 48181 
5195977 549,5186 1010, 48 139 

9.977 509,5 903 /to, 48097 
9977469, 5 1946/10, 48054 
9,9774219- 51989 10,45012 


1419,51774 
59,5181 
16.9,51847 
17 9.51883 
1319,51919 
19 


3 


45 
+4 
43 
42 
41 


99773809, 5203 1010, 47969 


2009,51991 
9, 52027 
9,52067 
9, 5209 
9552135 9597461 


40 
391121 
38/22 
37023 
361124 


39113919» 523 5919»97435 


27113319» 52456[9>97421 
9752492997417 
2503 9,525279,97472 


951955099748 


| 32289, 52278|9,97444\9» 34835 
9770009, 52410010, 47 59003 12909, 523149974399, 5437 5 


97696, 5245 10,47 548 
119, 52494{10,47 506 
976879, 5253610, 47464 
9768 319, 52578010, 47422 
9767909, 52620010, 47380 
976740, 5266 100, 47339 


2903109, 5238 59,9743009, 54955 
28003209. 5242 19,9742 


975422 


97554673 


9754915 


54995 
9555035 
9755075 
9535115 


389, 503749, 976 7009, 5270310, 472974369. 5256 309,97408 9, 551550, 44845 
379,504 11, 976669, 527450. 47255½ 3379,52 5989,97403, 3519/10, 44805 
38 976629, 52787/10, 4721320380, 526349,973999,552351, 44765 
9597657 9528291947171 211139 9, 52669 9.97394 9555275 10,44225 
1009, 505239, 976 530%, 528700, 47 13002 955270 509, 973900, 5531 5/10, 4468 5 
415, 5056 19, 97649, 529 1210, 4708819041, 527409, 9738 5,5535510, 4645 
4209, 305989, 97645, 52953010, 47047180429, 5277 5,973819, 5539510, 44605 
22820835 976409, 52995/19,47005|17][4319,5281119,97 376%, 5543410, 44566 
+419, 5067 39,976 36%, 5303710, 4696316449, 52846, 97372, 5 5474/10, 44526 
459, 50% 109, 976 329, 5307810, 4092215450, 52881 997 3071955514 
619, 50747 9,97627 10, 46880 14459, 529 16, 97363, 55554 
475,507849,9762 3, 53 16 110, 46839 130479.529519,973580,55593 
219,976 190 10, 4679812489, 52986, 9735355633 
858 19,467 5601104995 30a 1,9742 955673 
99, 532810, 46 150500, 53056 9,55712 
976069, 534270, 466730 951 955752 
60209, 53368010, 466320 852 9.55791 
10,4659 733 9955331 
10, 46550 654 619,55370 
10,46 508 5f's 9955910] 1 
| 955949 
» 
05 33055 10, 43972 
56067 10, 3933 
9,56107|10,43393 


Co-tang | _ 
10,4630 
— 
10, 46227 
to, 46180 
105 13 
108030 
10, 40057 
10, 46016 
10,45975 
16,4593 
10, 45894 
10,458 53 
10, 45873 
10, 45772 
6910, 45731 
10, 45691 
10, 456 50 
10, 45610 
10, 45569 
10,45529 = 


10, 45488 
10, 45448 
10,4540 
10, 45367 
1 0,4532703 
10, 45286 
19,45240 34 
10,4520 

10,45165 
10,45125|3! 


10,4508 5 
10, 45045 
10, 45005 
10, 44965 
10, 44925 
10, 44885 


Tangent. 


TABLE or SNES axv TAN CEN TS. 


145. 
20 egrees. 21 _—_ 
21 Sine |Co-ſine| Tang. \Co-tang. | ||M} Sine Cüne Tang. — | 
55345“ 72999, 56107 1,4389360 019, 5543 3,9701. 5841870, 4158260 
9.56146 104385452 1/9» 55466,9,97010/9,58455/ 10,41 545052 
9,3678 10,4387 58 49, 35499 9,9700 f 9, 3849 10, 41 50% 58 
9,9728 .ag 10,4376 57 39,55532,9700 1, 58531010, 41469 571 
626410, 437 3656 4495556 9.25236 955856910, 41431056 
550 89.5597 3.25586 9,5860610, 4139455 
54 69,556 309, 96986, 586440, 413 56.54 
53 709,5 5663 220256 9,5868 1070, 41319 53] 
52 89,5569 — 6976.9, 587 1970, 4128 1052 
228822 22-582 5711041243151 
109, 5371,97 52,5498 10,4350 50,109, 35761 — 9,5879410, 4120605 
1119,5378519,97248 996537 10,43463149]\1 119555793[9»96962[9,53832|10,41 168149 
12 2-828 195 972430, 5657610, 43424480 1209, 558 269,969 579, 5886910, 41137048 
139,538 10,4338 5047 309, 558 5809,96 529, 5890) 10,4 10930 
1419, 53388 95566 5410, 4334646149, 5539 109, 969479, 589441, 7056046 
ee eee. 
5 C 05432 7 7 | 
7 95539916 ; 9.353898 9.969329, 590 56010, 4094443 
189, 5402 fle 189, 5602109, 96927 959094] ofogeaea 42 
1919+ 5495916 19}9» 5605319 96922[9, 591 31[10,40869141\} 
019, 5429316 20 986889377 9,5916810, 408 32 40 
21,5427 9,5692610, 430740392 19, 561 189,969 12, 5920.10, 0795.9 
246.8279837 52 eg g ede 4 
0 2 1185 | 
24 _—_ — PR — 36/24 9,5621 9285 98/9-59317| 19,4068; 36 
2 519, 54263 v 57081010, 429190352 5, 55247[9»96 333 9759354, 40646357 
2619, 54297 95 57 120010, 4288034269, 562799, 96888, 5939770, 4060934 
2719-5433119297 7257 1 5 10,42842133 [27]9»5631 119596883/9, 59429, 40577 33, 
2819,54365 2 10,42303132| 281956343 9+9637819+5946 1940534132 
29192 5439919297 16319» 5723$[10,42765[3 72919. 56375] = 259599 — =] 
30 3019,5640819,905631g, 59540 1040400130] 
20 31, 5644009, 968 63 — 10,4042 39 
282209, 564729, 968 589, 596 14/70, 403868 
271/33|9»56 92635 9.85638 10, 4034927 
649,56 5369.968489, 5968810, 403120 
297 13519» 574661 10,42534[251/35|9+55 5680968475725 oy 251 
24.36 9.8089 9.25825 9759762 —.— 24 
10, 2457 303709, 566 319,968 330,597 1123 
— 5 53666 ,368 2d, 53833/1046 43 
2139025669 5.2682 319, 59872|10,40128/21 
204009, 5672709, 968 1809, 59909 10, 2009120 
— 9,567 599,968 13, 5994610, 40054 
1804209, 5679009, 9680809, 5998 310, 400171 
17 47 9,5682209, 968039, 500 19 10,3998 1) 
16044 9-5685 959679809, 600 556 10, 3994416 
1504509, 568 26733 956009310, 39907 gif 
144609, 569 179,967 8809, 601 30,10, 398704 
I 31147|9»56 29676 9,60166110,39334[1 7] 
124809, 3698009, 96 774, 6003010, 397971 
| x 179 [9+ 5701219-9677219,60240|10-397601 1 
$019» $5 102(9,970&3 958079] 10,43961] ol! 5019, 5704419,9676719,60276|10139724|10 
$2/9+5513619:970591938077 1043923] 2115119»5707 9.96762, 603 13 10,3968 9 
5219-5 526919,970 54 21 151 20,48 $| F a — —— 8 
80 — — — 2102. - 61/534 99571 9.96747 9.6042 10,39578| 
+ 9>55268[9-9703919+58229| 10,4477 1] 803508, 570 19, 9674209, 6045910, 3937/3 
r i ae 
5 19 » | 
$8/9+5536719-9708 9383410, 47638 21/e819-57295|9»96727]9, 60508fr0, 30432 2 
99,5 5400[9»9702c 2284421 20, 416200 1% 720,5 0, 393950 1 


955643 


79701 Fic 
-fine | Sine 


10, 41 
o-tan. Tangent |M 


6 


e 


grees. 


573591999671 719960641110, 393 59} | 
Co-linef _ Gow [Co-tan. r — p 


-—  *.4- 


| Eprecs. 
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23 Degrees 
9,6064110, 39359 60 6278 81, 37215 


762 10, 371 5 
628 590, 371435 
5628 10, 37110 
| | | 10, 3987456 | 10, 37075 
519957514 9.96697 9,6062300, 177850 5195933 9,96 3766296 15375325 
619,608 5900, 3914/54 9,89 3869,96 3762996, 3880J5 
g6631|9,60395119+39225153 119» 593961999636 520393 10, 369695 
60 PÞ 10,39069 809, 59423 963 5305610, 36934 
7110390 3308.2 39432289 631010368923 
10, 389960500504 419,963499©0 373 10,36365f5 
956104 10, 389504901 595149634 6317010, 368 3004 
I 946107610, 33924745) 1% 9,59 5431996 3351910320 10,36795|4 
13 62 9,6111 10, 388884713 9959573 9»9633319903 10,367 
I , 10, 388 5 14%, 59602 9963276327 10, 36725 
1 , 388 161j4.5\| 1 59677 9,9632 633i r, 36690. 
160, 578 9,9 10, 3878004416 9459601 9,96 31 56234 10, 36655 
1719957 211719» 596901990377 16337919, 3662 104 
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147,997 33579, 9246 5%, 80892 
45 97337 9924579, 80919 
49, LIE 3396 9:9244919450947 


[509,7:4169,9244119,8097 5 
{5119+7 2435 94924 33 9581003 


9 9.72823 
213772335 
22 972862 
| 2319-72383 
9572902 
9372922 
20, 72942 
27 9.72962 
239,%72982 
20 9,7 3002 
| 3009,73022 
| 3119,7 3041 
(32;9,7 3064; 
957308 
9573101 
9,7312 
69,73 140 
9.73160 
9.73180 
95 7 320 
97321 
973239 
973250 


j2; 


9,8064 2 
9580665 
9.80697 
958072 5 
958075 
9280781 


152,9,73455,½242 5,1030 
539,73474 9.924 16 

549,7 3494, 92408 

5,7351390 4 


- 


9581058 
9,8 1080 
9581113 
9581141 
„116 
95,811 


59, 73591 992367 
| 601997301 i 992.359 


> 3194927 39 947 9944 


Q,32699.9,80084 
— 2803 22591 1 — 12 


9, 90614 


10,0309 


10, 20281 


10, 20253 
9,7977600, 20224 
97980 10, 0196 
10, 20168 


10, 20140 
10, 20112 
10, 20084 
10, 20050 
10, 20028 
to, ac 


10,9972 
10, 9944 


10,195 Jz 


0,1974903 
10519721 


10,9581 


10,194 7< 


1051 92471 


10,19108 
1 


10,12997 


10, 18942 
10,18914 
10, 18387 
10,1885 
10, 18831 
10, 1880 


9581224/10,1877 
958125210, 1874 


10, 20365 


10,1996 
10,9888 


10719860 


10, 980 
10197775 


10,9693 
10, 19665 
10,9637 
10, 19609 


10519553 
10,19526 


10, 19499 


10,9442 
10,1941 
10,9380 
10,1935 
19,193 3112. 
IO,19JO3 
IC,1G275 


IO,1921911 
10,19192 
10,1916. 
10,19136 


10, 18970 


JE 


58 
57 
56 
55 
54 
53 
bh 
2 
50 
+ 


— 


599 Eun Þw to 


24 
K 
24 


Wo 


22 
21 


ns 


a 


ls 


1347 


M 


— 


9124 
35% 259,74093 
3426, 74113 
33127974132 
3228 9,7415 
— 222. 20 
300 30974189 
20 319,420 
28 32/9,74227 


2723. 


2 


Sine. 


SED 


9,7 3030 
9,73050 
9,7 3609 
9773689 
9573708 
9 73727 
9573747 
973766 


92273285 
10 
11 
4.12 
47 
4614 
45\159,7390! 
44 \10/9,7 3921 
43] 1719,7 3940 
42 185 957395 59 
— 22225 8. 


A 


9573805 
9,7 3524 
973843 


9.73863 


977 3882 


380 22 74036 


39574055 
9274074 


39.74 246 


341974205 
35!9:74284 


(30/9,74303 
(37/9»74322 


380 94 74341 


14 46 
2 


o, 19081 12 
1919053]13/49 40 


10, 1902 510 50 


57 
589,74719 
599,74737 
2 56 


35 9,7436 


409,74379 
9 41 


9574398 
4219474417 
39774436 


1 ” 446.7445 
Iz 


4519574474 
9974493 


5019374568, 


9, 74606; 
974625 
9574044 
974662 
97468 
9574700 


79,7452 
4809,74531 
9.724549 


Co- ſine 


9792359 
9.92351 
9.92343 
99592334 
9592320 
9923 8 
9792310 


9,9230 


9792293 
992285 
9792277 
9, 92209 
9.92260 
99222 
9592244 
992235 
9,92227 
9.92219 
9 92211 


99.22 


9, 92194 
79792 136 


9.92169 
9,92 161 
9992152 
9,92144 
9,92156 
992127 
9.92119 
9.92111 
979202 

992024 
9 92080 
992077 
9592069 
9592060 
9592052 
9592044 
9.92035 
9592027 
9592018 
7992010 
9792002 
9797993 
9.91985 
9.91970 
9.91968 
9791959 
9,91951 
(9,9 1942 


;9,91925 
9,91917/ 
9,9908 
959190 
9491891 
9,91833 
9,91874 
9,91866 


9492177] 


Tang. 


9581252 
9581279 
9581307 
9.81335 
9581362 
9,8171390 


981445 
9.51473 
981500 
9581528 
9581556 
9.81583 
9,3 :611 
9.8i633 
9,81506 
9.8693 
9,31721 
9.81748 
281276 
95 $1803 
997581831 
9581858 
9581886 
97581913 
998 194.1 
97581908 


9.82078 
9:92 106 
9,2133 
7582161 
9.82188 


9,81418 


9581996 
9.82023 
9,8205. 


982215 
9.82243 
9782270 
9.82295 
982125 


Co-tang 


10, 18743 60 
10, 18721 59 
10,1869 58 
10, 13665 57 
10, 1863 50} 
10, 18610 55! 

10, 18582 54 

10,13555 53% 
10 1852752 
10, 18 fc $1} 


10, 18472 50 
oe | 
0, 18417 714] 
10, 1838947 
10,8362 | 
10,1833 5 | 
10, 19307/44] | 


10, 1827945 
2 
10, 182 


= 


10, 18 197 | 
39 


10,18 109 
10,18142 38 
10, 181143, 
10,1808 7 30 
10, 18059¼351 
10, 18032034 

10, 18004033 
10179775 
127179249 
10, 17922 
10, 17894%½ 
10, 17897 
10,1733 
10,178 12 
10, 17785 
10,17757 
1 0,1773003 


10,1767 5 


9,823 52 


9582407 
9782435 
9,82462 
9,82489 
9582517 


9582571 
9782509 


9582380 


9,8254 


10, 1770222 
2 

— 1 

| 


LO, 17648 
10, 17620 
1017593 
10, 17565 
10, 17538010 
10517511 
10517483 
10, 17450 
10, 17429 
10, 1740 


9582626 


9.24587 9,91934/9 9982653 


978268 1 
9, 82708 
9582735 
9,82% 
9.32790 
9582817 
9582844 


9,918 57j9,82899 


— Bo, Sine 


o-tan. Tan 


57 Degrees. 


517 


Co- ſine 


Sine 


Co- tan 


32871 


12,17 374] 


, 


OR CFC Ate 9D LA ere ns yr, — 


50 Degrees. 
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« 34 Degrees. 


| 


35 Degrees. 


Sie 


— — 


997453" 
9,748 50 
9, 743 55 
9,7488. 
974909 
9,74924 


lo 0954 un þÞ ww — — o| * 


Co- ſine 


Tang. Qo- Nang. 


——:3126.91832 


9991873 


991823 
9,1806 


991789 
9.91781 


9591798 
983144 


1009774943 
11 97490! 
121[9,74980 
1319374999 
1449575017 
1509, 75036 
16 9,7 5954 
1719475073 
189,7 5091 
19725110 


9791763 
979175 

39174 

(9291 738, 
9791729 
9,9720 
9791712 


2019,75128 
21 pt 
'2219,75165 
239575184 
249,7 5202 
25 9,7 5221 
[261975235 
,2719»7 5258 
2819,75276 


391975313 


32 575350 
13309, 75368 


1351927 5405 

361947 5423 
3 9575441 
38 97 $459 
39197 547 75478 


4009, 75496 
4119475574 
429573533 
+3 975551 
4419) 75599 
14519»7558 
146 mo 
147 9,750 as 
48, 75642 
149/9+7 5660 9,7 5660 
50 9775575 
519, 75696 
| 52197 57 14 
153;9»75733 
549,775 
582. 75799 
| 56 9,7578 7 
157 9,7 5305 
658. 9.75823 
[59,997 584 
(bo 9.7585 


} 2919-75294 


34\9+75 336) 


9,91636; 


9,9 1660 
9,9165 1 
9,9 1643 


9,91625 
— 1617 
91608 


— —— — 


991599 


31/9»75337/9291 591 


9,91 582 
9791573 
9791 555 
9.91556 
9591547 


9791530 
9291521 


991512 
9791504 
9791495 
9,9171486 
9.91477 
79,9 1469 
519-9 1460 
9791451 
9791442 
9991433 


9,91407 
9,91 398 
9,91 38g 
9,91391 
991372 
9,9136: 
991354 
9591345 
29133 
Sine 


991772 


5.976753 3470 
9,9166909, 83497 
9,8 4410, 16476 


9591634 


9,747 591929 1575875 10,1710 10717107 60' 
9.7477 59,9 1849 9,8292510, 704 89 

9,7470949. 1840,29 5 310, 17047 
. 


* 83008 
83035 
9,8 3062 
9,8 3089 
9,3 3117 


9.83171 
983198 
9,8322 5 
9.83252 
9,83280 

9583 307 
9983334 
'9,83301| 


9,917 703983388) 
29169 59583415 


9,8 3442 


009, 83 52 
9583551 
9583578 
9,8 3605 
983632 
9.83659 
9,8 3686 
9583713 
933740 
9583768 
958379 5 
9583822 

52845 


9:91 5359193903 


9,8414 


979 797425 
9,9416 


9584388 
9584415 
9.84442 


9,33976 


＋ 3930 
9.83957 
9,5 398 4 
9584011 
9584038 
9,8406 5 
9.84092 


153! 
10, 1702057 
10, 16992 56 
10, 16965 55 
10,16338/54 
10,16911 53 
10, 16883 82 
10,16356 51 


10, 16825; 50 
10, 16802 49 
10, 16775 48) 
10, 16748, 47 
10,1 6720 46 
1, 16693 45 
10, 16666 44 
10,16639/43| 


* 


| 


N Sine 
+ 
9758 59 


9.75877 
29,7589 5 


Co-tine 


1 ang. 


9791330 
979 328 
991319 


3/997 59 : 3/999 1310 


49575931 
5 9,7 5949 
6975967 
797 5985 
8976003 


992602 1 


979 1301 
9991292 
9591283 
991274 
9,9 1206 


9791257 


9984523 
9,345 50 
92457 6 
9,34.603 
9.8430 
9,940 57 

9,8468. 4 
9,847 11 
9584738 
978474 


Co- tang. 


10, 15477 60 


10,1540 50 
10, 15424 153 


39777 


10, 133705 
105153431 55 


to 51531054. | 


10,15289 531 


10, 15262521 


10978039 
11 9,7657 
12 9. 76075 
13 9,76093 


149,761 11 


15 9,7629 
109,76 146 
179,76 164 


10, 16341 
10, 1631403102 


984119 


9,8417 

9, 84200 
9584227 
84254 
9 584280 
9,84 307 
9.84334 
9584361 


97584469 
9584406 


10, 166 52 18/9,791$2 


10,16585/41 


10,165 58| 
10,16530139 
10, 16 503038 


10, 16449 
10, 16422 
10,1639 5 
10, 16368 


199576200 


3 
3 
3 


7⁰ 25 976218 


9.76236 
22,7625 
71123/9»7 6271 
924976289 
5 259976307, 


25 


34.269,76 6374 


3 


32 


3 27 9,76 342 
28 9,76 360 


29 9,76 378 


1016287 
10, 16260 
10, 16232 
10, 1620 

22016178 
10, 16151 
10, 16124 
10, 16097 
10, 16070 
10, 16043 


3 


9 30970395 


29 319,764173 
28329,76431 
271 33,997 0448 


2 
2 


2 


— 32 


6349,74 
3 59,7 6484 


5 
4438 369,76 501 
23 37/9»70519 


23809,76537 


97765 54 


10, 16016 


10,1 5989 
10,1 5962 


10, 1593 
10, 1590 


2040, 7657 
1941, 76 590 


18 49,7660) 


7 439˙76625 
(44;9-7 6642 


10,2881 15] 45 9,7 6660! 
10,158 84 14.46 9,7667 
10, 5827 1304,79 5 
10, 1580012 489,767 12 
—2 22492252 


10, 15746 
10, 15720 
10, 15693 
10, 1 5666 


10,1 5639 


10, 15612 
1078828 
10,1555 

10,1531 
10, 15504 


10 
91151 


549,768 17, 
51155,99768 3 5| 
56 0470852 
5719»70 a 


265809, 768 


I e 
609, 76922 


958452310, 15477 


9591248 
9791239 
9591230 
9791 221 
9,9 1212 
9791203 
9,91 194 
959118 5 
9,91176 
1925 * 167 


9,9 1158 


9591141 
ants 
291 123 
9591114 
9.91 105 
991096 
591087 
9591078 


979 1069 


999 1060 
9791 051 
9,9 1042 
9491033 
9:9 1023 
9791014 
9791005 
990996 
990987 
9590978 
9905 569 
— 
29095 
9790942 
9790933 
90924 
— 
959090 5, 
9590896 


9,908 51 

9590842 
90532 
o, 9082 3 
719,908 14 


SS 


9,91 149 


9784791 
9,84818 
98484 5] 
9,84872 
9584899 
9584925 
9,849 52 
9.84979 
9,3 5006 


9585033 


9.85059 
978 5086 
9585 113 
9585 40 
9,8566 
985 193 
958 5220 
978 5247 
985273 
9.85 300 


10, 15236 52; 


10,15209] Of 


12, 1518249 
10, 15155048 


10, 15128 of | 


10, 15101 
10, 15075 
1051 5048 
10,51 502 1 
10514994 


7524907 414 


10, 14941140 
10, 1491439 
10, 1488738 
10724860037 
10, 14833 36 


10, 148070354 
10, 4780344 


10, 147270321 
10, 144700031“ 


9925327 
9 3354 
9585380 

9.85407 
9.85434 
9585460 
9,3 5487 
935513 
978 5540 
ITY 
g 85620 


9.85647 


109585674 


97,8 5700 
9585727 
97857 54 


9585730 
9,8 5807 
9,8 824 


10, 14220 


10, 14673030 
10, 14646029 


010, 14620028 


10,14593 
10,14566 


10, 14540 


10, 1457302 | = 


10, 14486 
10, 14460 
7110, 14433 
10, 14406 
10, 1438010 
10,14353 
10, 14326 
10, 14300 
[014273]: 
10,14246 


10514193 
10, 14166 


509,76747 9088) 9,5860 
9,7676 5 90878 
529,767 829, 90869 
539,76800/g,g0860 


9785913 
958 5940 
9.85967 
* 993 
9,86020 
9,8604 
9,6073 


9,8588710, 4113 


| 


10,1 49 


10, 14087 
10,14033 
10, 1400) 
10, 13980 


ö 
d 
: 

1 
4. 
1 
1 
© 
117 
1 
: . 
; 
4. 
4. 
. 
* 


aw” A © 
— Ac — — 


9.9080 5, 86 100 
ee ee 26 
Sine Co, tan. 


5+ Degrees. 
4 H h 2 


on | | Sine Cor tan. T angenc. A Co- ine 


5 Degrees. 
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36 Degrees. | 37 Degrees. 5 
, Sine [Co- fine. Tang |Co-tang. M vine | Co-une | Tang [Co-iang,. 


 ©19-7692219,907 9619, 86126110, 1 3874/50|| 019,7794619,902 3519-8771: 
9,7693909, 90787 9,8615310, 1 384750 19, 7796309, 9022 5%, 87738010, 12262 59 
9,769 57 9,90777%, 86 17910, 13821058 209, 779809, 902 16, 8776 10, 1223658 
9.76974, 90768, 8620010, 1379457 39,7799, 902069, 877010, 1221005) 
4 
6 


O 
1 
2 
3 
4 9,7699109, 907 59 9,862 32 10, 13768056 49, 780139, 901979, 878 17/10, 12183056 
59.770099, 907 5009, 862 5910, 13741055 59.780309, 90187, 8784310, 1215755 
7 
8 
9 


5 
609.7702009, 907410, 8628 10, 1371554 69,7804, 901789, 886910, 12131054 
97704390731, 863 12 10, 13688053 7 
9,7706 109,907220, 86338 10, 1366252 | $19,78080;9,90 i 599 87924[10, 2078 52 
_91227797319+907 1319, 86365[10,13635|51 | 919,78097/9,90149(g9,t794810, 12052|51]f 
10/9»7709519+9070419,86392[10,T3608|50.|1019,78113/9,901391987974110,12026|50 
111977112 990094]9,36418 10, 13582049 19, 78 1309.90 30/9,8800q10, 1200049 
129,77 1309, 9068 59, 86445 10, 13555048 129,78 147, 9012009, 8802 10, 1197348“ 
1309.771479, 906769, 86471 10, 13529047 139, 78163, 90111. 8805310, 11947 471 
49,7764, 90667, 8649810, 13502 46 14 9,7818009, 901010, 88079 10, 1 192146 
1597718 109,906 579, 86 524t0, 1347645 15 9,7819779 9009 1.88 105010, 118954 
169,77 19909, 906489, 865 510, 1344944 (69,7821 39.900 209,88 131010, 1186944 
7772109, 906 399, 8657710, 13423 7,9, 782309, 900729, 88 15810, 11842 43 
| | 1809.772339, 906300, 86603010, 1 3397 1809,7824 9, 9006 309,83 18410, 118 6042 
JI 99,772 509,900 9.866 3010, 1 3370 9588210010, 1 1790041 
209.7726809, 906 11, 86656[10,13344 9,882 36010, 77764 0 
29,7728 59, 906020), 86683 ——.— 988202 10,1 1738 5 | 
2297730209, 90592, 86709010, 13291 97588289010, 11711038 
239,773 199, 905839, 3867 36010, 13264. 9,8831010, 1168 5 37 
3 
35 


15 9.90 689.8789 0, 1210553 


249,7 733009, 90 574, 86762010, 13238036 988341010, 11659 


2519»7735519-9055 59, 8678910, 13211 98836710, 11633 
269,7737009,905 55,6815 bf 9588393010, 1100734 
279.77 387,90 546, 8684210, 1315 


9588420010, 15800330 
28197740519-905 37%, 868 6810, 1313232289, 784129, 899669, 8844610, 11584 32 
29/97742219-90527 9,86894/10,13106[31 29'9,78428 9,899 5619,88472]10,11528| 311 


3019»77439 9,90518 9,8692 1010, 1307930 30,7844 9,8994 9, 38498010, 1150230 
319,774 9.905091g. 86947 10,13053[291/31,9,7846119,89937|9,38524/10,11476|2 
32 277473 9,9949919, 86974 10, 130260283209, 784789, 89927, 88 5 5c o, 11450 25 
339,774909, 04909, 87coo[10, 3000027339, 78494, 899 1809, 88 57710, 1142327 
34 972573, 90485 9,8702710, 12973026 349»7851019,89908/9,38603110,11397|26 
3519977 524199047119,87053 10,129471251[35:9,7352719,8989819,88629[10,11371|25|f 
3619-7754 1,9046209, 87079010, 12921[241|36:9,73 543, 898880, 8865 5/10, 1134524 
379.775 58.9, 904 520, 87 10 20, 12094123 379,78 56009, 898799, 8868 1010, 1 1319/27 
389.77 57 519: 9£4 4319487 1320, 12868022389, 7857609, 8986909, 8870710, 11293122 
19177592 2043408158010, 128424213909, 78 59209, 898 59, 887330 10,1267 10 
40,77 0099, 904249, 8718 510, 1281 520040, 786090, 898499, 88) 50 10, 11241 20 
9.77626 99041 59, 872 1 110, 1278901941, 7862 59, 898409, 8878610, 1121419 
4219»7 7043 e 1012762018042, 7864209, 898 3009, 888 1210, 1118818 
9 


43.776609, 903969, 8726410, 1273617439, 7865 9,8982000, 888 38010, 1116217 
44,7767, 903869, 87290010, 12710016 449, 78674, 898 10 97588864⁰( 0, 111360160 
4519977094[9-9037719,387317110, 12683 15(45/9,7869 19, 89801, 8889010, 11110075 
469,777 109, 903689, 87343 0, 1265714469, 78707, 8979 1, 889 1610, 1108414 
+719»7772719-90358$19,37 369.10, 12631013 479,787239,8978 1,8894210, 11058013 

9,77744](9,9034909, 8739610, 1260412048 9,787399,89771 9 8896810, 11032012 
499.7776 19,90339 987422 10,12578|z1 4202787 5619-8976 09,389 10, 11006011 


509,777 89,903 30, 8744810, 12552 10 509,78772,89752 9, 89020010, 10980010 
99727759320 ,8747 50,1252 5 367/572387•35745 9,8904610, 109 54 9 
529,778 12%, 90311, 3) 50/0, 12499 8329, 7885,97 329, 8907 30, 10927 8 
5 19+77329[9,90301 8752710, 12473 70539, 7882 10, 897220, 89099010, 10901 7 
34[9-7784619,9029219,87554110,12446| 654 9,788 37,897 72,39 12 51, 10575 6 
59.778620, 902829. 87 58010, 124200 555 9,788 53, 89702, 89161019, 10849 
569778799, 90273, 8760610, 12394 4 569,788 9,8969309, 8917710, 108230 4 
579.7789 %, 902639, 876330, 12367 3 57 ,9,7388619, 8968 39,8920 10, 10797 3 
589,77913 9,9025419, 57049 10, 123410 258.9, 7890209, 89673, 89229010, 107710 2 
$919»7793C -9024.4/9+387685110,12315| 1059 9 7891809, 8966 3, 892 5 510, 10745 1 
+: | 60[9,7794619,90235[9,87711 10, 12289 © 60 972893 95896 530, 9281 18220212. 
Co- ſin-] Sine [Co- tan Tangent. |M 'Co-fine | Sine — angent. Ti 


53 Degrees. | 2 Degrees. 


\ 


— 


| 


Co 0:5 


38 Degrees. 


Lang- |Co-tang. | 


95789349, 9057 3,8928 1010, 10719 
1977895000, 8.643 9893070, 069305 
2/9-78967 9,8906339 893330, 1066758 
39,7898 39.896249, 393 59110, 1064057 
49.789999. 9614 9,8938510, 1061515 
519.7901 59 89604. 9,39411[10,1053g, 
6i9,79931|9,39594'9, 59437}10,10563 
79, 790479. 895849, 8946310, 10537 
5 8948910, 10511 
„89 51 5610, to48 5 


M Sine 


TABLE or SINES and TANGENTS. 145. 


— — 


39 Degrees. 


Ca-une] Tang. 


Cours. 


979887 
579903 
9,799 18 9, 890309, 90889 
9,799 349, 890209, 9091 


89,7906 39895749 
909, 79079 9,89 56 


149.791 


r519 7917609, 89 50 
69.791920, 89 


21 


299779299 


309, 7941 5,8935 


31979431 
3219»79447 
133197946 
349,79478 
359.79494 
369,795 10 
379.7952 
3809.79 542 
13919-79558 


49.793199, 3941 
2519-79335|9-3940 519,399 3 
2619,7935119»393 


9,3927 
9,8926 


114219»-79573 
14119795359 
9.79505 
979621 
9,796 36 
9,796 2 


| 84009, 890 
589,798 56, 89071 


95892 5 
9,392 


I 


59 9,7987209, 8906 


| 60,9, 79887]9,8905 


9,5919319,90475 
9,8918300, 90501 
9891739,9052 
9,89 16209. 900 53 


9,89 15209,90578 
4609, 9 1429, 9000 
98913209, 906 30 
97589122 9,906 50 10,09 
9,8911209, 90682 

9,89 101, 9070810, 929 
569.7982 5 939930 9·907 34010, 925 
| 9907 59:10,09241 
9,9078 510, o921 
9,908 11010, og 18 
908 3710, og 163 o [60 


9,8969710, 1030 
179. 92089, 8948 59, 8972 10,1027 
9.792249,8947 5,8974910, 10251 
199792408945 9589725] loaa 
2009, 792 569.8945 59, 89801 
9.792729, 894459, 8982710, 101730391 Jon As 9,91379 
2209, 792880, 8943 59,898 5310, 1014738 
239,79 304098942 5,8987910, 10121037 
3990510, 100g 5036 
to, 1006903 5 
598995710, 10043034 
279,79 36709, 8938 5, 8998 3010, 1001733 
280, 7938309,8937 5]9>9000 


10, 10199 


5 


I 
I 
3 I 
I 
1 


a 9, 8022 


958013 


9588824,91 


9037 110, og629 
10, 96031 


10, 0957716 


10,0931 


9.902 16010, 978444036 


3, 
1 


3 


J 


599, 8079 
| 9, $080 


Sine 


-0-tan 


9,799 50/9,3900919,90940[10,09060 
9,7996 519,8399919,90966{10,09034: 
889389[9,99992[10,09008 
9,799969,8897 89,9 1018.0, 89829 


9591043010, 8957 
——8—28889.——53 53935 
9,39: 549.8954110, 104 5905009, S004 39. 889489, 9 10950, 08905 


+89 567110, 10439 %, 8005 
10, 1040 481 


9588937%,91 1210, oö 879 
„589279,9 11470, o88 53 
9,884 17,91 17200, 8828 
95839069, 9119800, 8802 
958889600, 9 122410, 8776 
9, 888869, 91250 
9,8015109, 8887 59,0 1276 
9-886 50,9130 


10,8724 
80 to, 8699 

| 10,0867 
9,3019719,>334419,91353|:0,08647 


g9,380182'9-3$885 519,91 327 


9,888 13,9 1430010, og 570 
9, 802 5909, 88803 „ 14g 


95887729,9 1533010, 8467 
9.8876, 915 5910, 08441 
9,3875 119,91 585110,08415 
8035 109.8874100, 9 16 100, o8 390 
310, 80 36609, 8873009, 91636010, o8 364 
320, 80 38209, 887209, 9 16620, 8 338 
3309. 80 39/9, 887099 91680, 8312 
„8041200, 8869909, 9 17 13]10,08287 
3519, 8042809, 886889, 91739 t 0, 8261 
„8044309. 8 867800, 91765010, 823 5 
[10,097 5802300370, 804 5809, 8866 89,9 1701010, o8209 
10,97 2z2 03809, 8047309, 886 57%, 918 16010, o8 184 
2 1 3909, 804899, 88647 9184210, 08158 
9,80 F409, 886369, 9 1868010, o8 132 
1904 10, 80 5 1909, 886269, 918 
| 805 3419,3861 519,919 19|10,0808 1 
9,8360519,9194-5]10,0805 5 
6519,388594[9,91971|10,0802 9 
459,80 580, 88 58419,91996|10,08004, 
9,80 59 59,8857 39,9 202210, or 978 
47 9,806 10, 88 553,9 2048 
43 9,3062 5 9788 5 529, 92073010, 7927 
11149 9,8064100, 88 54.2[9,9209 
50.9, 806 5609, 88 53 19.9212 
9519, 8067 119,88 52 19,921 
8529, 806860, 88 5109, 9217 
539, 80701, 884999220 
654 9,807 16, 88439,9222 
30599,807 3,3847809, 922 53 10, 0747 
456. 807409, 384689,92279 10, % 
57.076209, 88457, 92 304 10, 7696 
58, 807779, 884479.923 30 10, 7670 
38436992356 10,7644 
8842 59,9238 10,7619 


Sine Co-taa. Tangen 


9.890 5099, 908 37/10, 9163 
9,8904099, 9086 310, og 137 


10,09 111 
10, 9086 


10,08621 
10,08 596 


to, o87 50] 


39 
38 
37 
6 ; 


35 
34 
33 
32 
31 


26 


24 
23 


21 


10, o8 107 


10, 7901 


10,7875 
10, 78 50 


10, 07824 


10,7798 


10,07773 


10,07952|1 


18 


z 


15 
14 


—_ 


F En III ene —— 


51D 


— 


egrees. 


Tangent I 'Co-fine | 


1 


50 Degrees. 


— 


Is 0 * 


30% 
28 
27 
25 


22 
20 
190 


17 


16 


aden. 


— — —— — . — ům ůà 


390 


TABLE or SINES AvD TANGENTS. 


* 


40 Degrees. 41 Degrees. 


Sine ]Ca-ſine | 
009, 80807 9.88425 


Tang. Co- tang. . 


Co-ſine! Tang. | Tang. | 
9,9238 70 570 0 5 50 


9.377 789,93916 978% 


- J 


100, 80822 9588418 
2 9.80837 7 


9. $1091 9. 882 
2119,$112119,382 


23/9.8115r 9,88 


9,87942 


I Ky 9,57707 
29,817239,87756 
| 398772887745 
4199317 52/900 7734 
5.9 31767 96877 


9,92407;10,0759 3.59 
9.884% 5,9243310, 07 7567 58 
2 97808 52,883. 24 (9.92458, 10, 7 642 57 
4980867 9,88382 9. 92 480 1007516 56 
5 3,80882/9,88372\9 
6 9580897 9,883 62 2 
749.809 12 19,88352 9292561, 10,074.39, 53 
| $1,$0927|9,$8340\3, 92 587 
| 99.8994 9˙88 33009 92612 
109,809 5% 9:88315'9, 5526288587362 50 50 10 
11 5,8097285 30800 _— 10.073373 
120580987 9,8828 
139,8 1002/9,882371g, 
14,8 0179, 8827609 
1 1519.8 1032 9,8826609, 
1160, 81046 9.882 55 
9,81061 988444 92817 
9,81076 9,882349,92843 
22 6.2352“. 
20 9,8 1106 9.88272 95 9289 
019,92920 
2 9,811369,887919,92945 
130,9,92971 
=. 975811669788 169 9,9299656 
59581180 9,8818 9593022 
25 9,81 195 9,88 148 979304 
279,3 12109,88 137 9,93073 
23'9,$1225 9,88 126,9 3099 
| 29,9, 81240. 9,88 115 2.28124 
30'9, 81284 9588705 9,93 150 
3 9,81269 9,8909409. 93175 
5 978 1284 9.88083. — 
33 9,8171299 9,8802 
349,8 1314 9,8806 
35 9,8 1328 9,8805699. 
35 9,31343 9.88046 3, 93303 
9.81358 9, 880299,93329 
3809.3 1372 9,8801800, 
30. 81387 28800 


40 9 71452 3799 E $799619,9340! 


4 9581417 9,8798 
42981431 9,87975 
43 9.51446 9,87964 
44 98451-37983 
45931475 

14+9-$149519,8793319 
429 3150519,87920] 
148 9:31519/9,87909jg, 
[45|9+31 534 9,87898 


993942, 10, 06058 
9,9 3967 10, 6033 
9.93993 10, 600757 
9.04018 10, 5982 56 | 
2 3,9,94044 10, 595655 
2:9,9406g 10, 
9,94095 10,5905 53 
9794120 1070 588052 
— 1050 58 54 51 
9,9417 10,058 29 5⁰ 
994197 10,5803 49 
69,94222 10, 7848 
9; 94248/ 10,057 5247 
9794273 10,727 46 
5,0429) 10, ef 
9375019584324 10, 367644 
9.8759009,94 3 5010, O56 50 
18 5.373537 9 


10,07490 55 


105 0745 54 959311541 


10,0741 352 
10, 07388 2 9 


11 1 85 3.87655 


25 


9-87 55719-94426 100557 4 
10, 0080039 2 21 9581988 
10,ꝛ 70553822 222575 7535 
to, a9 37 23 
10,07004: 36 24, 82041 
2 44782655 


10, 5523 38 3p 


19,82084.9.87479 
2128 932098, '9,37468 
311129 9,82 11219-87457 
2130 9,82126,9,37446 
(31/9-32141/9,37434 
1.32 9582155 9,87423 
235.3797575 


9,946 3010, 5370 
9,94655/19,05345 
9,9465817, 37900 
9.94706 10, 5294 
9,947 32 10, 05268 
9,947 57 10, 05243 
9,9425 3 10,5217 


10,6722 263 
10,6697 2403 
10, 0667123 
10,6646 22 
10,6620 1 


10 856594 20 
10,6569 19 
to, cb 543 183 
210,063 18 17 
10,6492 16 
ro, 06467 15 
59 10 ,06441 34 
— 13 


9 2 9587390 
9, $2212.9,37378 
37%, 82226 9,87367 
38 95822400, 87356 

9. 822559257345 
40 9,82269 9,87 334 

9.32285:9,87322 
9.327778 1 


9,948 590 0,05 141023 | 
9,94884/10,05 116 26 


994935/10,05065 . 
9,9496110, 50399 

9, 94985 10, 5014 18 
9,9 5012 10, o4988 17 | 
9.95037 10, 496 3 16 
995062, 10,04938!1 5 
9,9 5088 10,0492 
9595173 10, 04887131 
9.95139 10, 4861012 
9,0 516410, o48 36011 


b [50 9,815499,87887 0, 
9.81563 9.87877 

52 9,81578 
53981592 
54 978 1607 


Aan Sine 


60 
59! 
58; 


| 


430 
42 
41} 


— 
"IT 


23 


a 
— 


1 — 8 "+2 
Ln * 5 ye +. 


80 | 
351 
34 
33 


: n « * 14 2 


= Lok Sch 


25 


9,9519010, 048 10010 10 
9995215 10, 478 0 9 
9,9524c 10, 4760 8 
995266 10,0473 7 
95291 10, 47090 6 
9.877649.95317 10,468 
9,87153ʃ9,95342 10 1946s 
9,3714119,95367/10,04632 
9·871 30,9539 3 10,4607 
5909,82 5379.871199, 95418 10, 04382 1 
9825819787107 99444 10,045 
— Co-tine} Sine Co- tan. Tangent 'M| 


9,57 9 
9,37858 9.93738 
9,8783 49593763 
55.981622,87833 93789 
359,8 16 6%,87842 9593814 
57 9,81657,878 117 
ö 53ʃ9,8166 5 9.87800 
978 1680! 9,87789 
899278 9.816949, $7779 


v4 


9.93340 10,06160 
9,9386 510.6135 
9,9389 710,06 109; I, 
9,9391610, 0084 


Cos tan. Tangent 


9.0 all 


O\S oa 


ol 


31 
20 


49 Degrees. 


—— — — — 


48 Degrees. 


—äö —— . ñj́ —— 


TABLE or SINES axv TANGENTS. 145. 391 


| 42 Degrees. | 43 Degrees. 
N Sine Co-une Lang. Co-tang. = Sine |Co-line ! Tang, [Co-tang. | 


| 919.325 51) 9,37 107 9,95444 0,045 56 600 oo, 833789, 564 13,9096, 034 
409)82565½,87096 995469010, 4331 591] 9,83392 9,8641, 699 110, 3009 

| > 9632576|9.87085,9,95495/ 10,0450; 58 219,$3405[9,8039919,97016\10,0293445: 

| 3 9325931995797 3 9,95520|10,04480 1 92 87728075 9,9704 10, 2958 
49,8267, 87062, 545 1,4455 56 4/9,8345219,$030919,97067! 10,029 331 56 

| 5793262119, 57050/9,9557! 15,04425 55 5 9,83446 926350 959709210, 02908 

6 6 9,32635}3,870399. 9559 $/19,04404 54 519»$345919,$6342{9,97118;10,02882 
79,82649 9,8702 9,9 $922! 10,0437 8053 719,8347 2,86 330,97 14 3 10,2857 
309,82663 9,8701609,95647 10, 43 53 52 8,8348696 318,7 168,10, 2832 
2958267 7,8700 9.95572 1,0432851 919,3352019,8030619,97 1931 2807 
109,269 9 9599 39,9 5698 10,4302 50 10/9,835 1319, 8029519,972 19/12,02781 

2 19,2705 9,369329,9 5723 10, 42774911 97583527 9586283 9,9724410, oz7 56040 
129,827.19 9,3697 59574807, 525 12 983845 9-352 7 119,97269119,02731|48/] 


{1 3.98273 3/9-369 5919495774 10,04226/47||13,9,83554/9+30259 9:97295|10,92725 70 
111 9582747 9,8694799 5799 10, 4010 14/9,83567 9,86247 9,97 320 fo, 0 
10,8276 19,8 5230.958255 10, 4175045 15 9,8358 1,86235 9973450502 2655450] 
v9 82775585924, 58 5010, o 150044 10958 35949786223 9.97371 105629 444 
7982788 9,8691 95 95875 1,4125043 17 9,8 3507,86 110,9) 396010, 2604 23 
1 9 1 9·95204 10,04099j42| 15.9.33621 95862000, 97421 10,02579042 
9,8281609,368 or ,95926110,04074{41| 19.9,$3534/9-3$013319,97447110,02553/4r 


| 200 9,828 30 9.858799,959 5210, 0404840 20/9,8364% 9586176, 7472 10,02 5240 
21 9.82344 9,8679 9597710, 04023 52 2109, 83661 97586164 9797497 10, 02503 39 
22 6 828 55, 95868559, 60020, 03998 58 22/ 9,$3674/9,S01 52 9497 523(10, 2477.38 
23 9782 2872 95 958 9 g6o2s 10,03972 370/239, 83688 49,36 140 9997 543 10,024 52037 
P 385 9 868329,96053,03947 30249,83701,86728½,97 573010, 0242736 
25 9,2899 9.869 9, 96078 1003922 35 25958371 5 97586116 9497 598 10,02402135 | 
20 9.32913 5,8680909, 96 104 ff 0,0389534 2619, $372819,50104 9,97524j10,02376 34 
| 


— 


27 9,32927 9, 37 877 0,0387133 2,8374½,8609 2,9764910, 2351033 
29,8294 95867869, 9615 50,0384 32289,337 5586080, 9 757410, 2326032 
|2919,82955 9.3677 5996180119,03320]31 29/9,33768 $3606319,97700; 10,02 3000; 1: 
38 9.92993 92776 3/9,95205[10,03795| c 30/9,93781|9,86056)9,97725/10,02275)30 
3T1/9,92932'9, $67 52/9,95231 to, 3769 29 |31/19,8379519,59044/3,97750|10,022 50029 
39.829269 80740 9,96256(10,03744 9,8032, 9777610, 2224028 
330.8 3010, 867239,9628 1010, 3719/27 339,8 38219, 86020, 9780 010,02 199 
3555 $3023/9,367 17.9,95307 10.3683 34,838 340,86 008 1997825; 10,2 174260 
353,8 3057 3 $5705/9,96332/70,030 9:3384819,3599619,97351 10, 014925 
30 737034 9.556940, 1993 57 10,3643 978 5984½,9 7877/10 02123024 
3719.8 39959, $5632/9,9638z 19,03617 9485972 397502! 10, 0209823 
389,8 3078 9,6670. 0d 10,3592 9,838879,859 60,9797 1, 203 
30 9,3 322797866 59 366 59 9,9643310, 567 2103228321 28594. 9597 2 531 10>0Z047}21 5 
(4.0) 9,83 ron 9,866.47 959645910, 0354102040 9583914 978593 „85930 5978 10, 02022201 | 
 $41'3,33r 19/9, $6635 9,9648470, 351619 411933927 9185924 9,938003{10,01997] rg} 
| (42/5313 3 9,8662400 965 0.0, 0 3490018429, 839409, 85912 9.98029 10,01971]:8 | 
(43,3,8 314719: 36612/9,90535119,03465|17143/9»53954 9,$5900[9,98054/10,01946| 17 
14419,93 161 9-86600;3,96500 10,03440/1 16 44\9,$3967 9,3588319,98079110,01921 160 
49,83 774 9,86 5899,96 58610, 341415 459,8 3980, 85876, 98 104,10, 1896.15 
4609. 823809586577 996611 1,3289 14 14 4⁰ 583993 9,8586 99813010. 01870014 
47·8320209,8856 59.9636 10,3364 13 47984000 9.85855 9981550, 0184 80730 
[4819.8 321 5 9.85554 966620, 03338 12 48/9,8402c 95858 32 9598180 1,1820 12 
14919,33229 946542 9,96637 10,03J13 11 49/9,84037 918 532" 2719,98206 10,0179411 | 
N * eee, eee e — | 
150/9,33242 9,86 3009, 96712 10,03288, 1050 9, S404 9.8587 5 9,9823110, 176900 
519.332 50 9,365 129,96738 10,03262| 9/\5119,34559|9,85303/9,98256[10,01744| 9 
$2 9.832200 9,50 52719» 96763 10,03237| 8 52½,84072,85791 998281 10,01719J 8 
53,8328, 442500 6788/0, 3212 7 33 9,8408 5,8 5779.9, 98 307 10, 160 30 5 
54,8 3297 9,8648 39,968 1410, 3186 6549, 84098, 8 5766,98 332010, 01668 6 
379˙83270,647296839½10,31670 5558412, 857540,9835710, 16435 
4 
3 
2 


„„ 


— 
3 

S 
0⁰ 

GI 
. 
O 
8 


I t» b bs 

+ Un G6 & 
9 
— | 


—— — — — 


* 


8 


802 
92 w *. 
00 &© 
ad WI 
G0 Og 
>] &\ 
2. — 


CES 
ee 


ID Þ 


|» ww 


$6/9,83324 9„864609,96864 10, 3136 456 . 9 8574209, 98 383010, 01617 
52 9„81338786448 95968900, 3110 3579, 8413 


| 9,8 573009, 98408 10, ol 592 
58984151 


985718,9843 3110,01 567 


58 958 33519,864369,969 1 50, 308 5 2 

59 2333505 9,864 59,969 40 10,03obo| 1} 59/9,84164[9,570619,98458|10,01542 

$90/9,83378 9,3641 3:9,96906 19,03034; © 6019,84177(9-$5693 9,984.34 to, 516 © 
'Co-fine | Sine |Co-tan, — M © |Co-fine _ Sine |Co-tan. Tangent. M 

47 Degrees. — Degrees. 


— — 
—ͤ— — — — 


— 


392 TABLE or SINES and TANGENTS. 143. 


| Degrees. TD 
M] Sine |Co-fine Tangent. 


| »3417719,35693 
119,84190 9, 3 56 

209, 842039, 85669 
309,842 169, 85657 
542299, 5645 
9,8424209, 8 5632 
934255 9,$5620 
909,8 5608 

6] 9,98686 


9798711 


12 


ä 


lo en 


9,842 
958428 


1 
11 


13 
1 


+ 9,8430 


284295 

84 308 
9584321 
9.84334 
9,8434) 


15 
| 26 
11 

19 
120 
21 
122 
23 
124 
25 
26 
127 
12 


89,8441 


ONE 


9584372 
9.8439 


984424 

584450 
9584463 
984476 
9, 844 39 
9,84502 
9584515 
984528 
9.84540 


9,855 
9785583 


985559 
97585546 


9.85571 


9585534 
9,8 5522 9, 


9585510 


9,8 548 

97585473 
935460 
9785448 


1 6 35 
1 


9585436 


9,8542 
9.585411 
97585399 


9,8 5361 
9,8349 


9784553 


97845 
9584579 


978 5337 
9785324 
97585312 


9598989 


9585374 


222217 


9.99293 


9598484 
9,98 509 
9,98 5 34 
990 — 
979888 5 
37388 to 
9598635 
9798661 


9,937 37 
9,98762 
998787 
9,938 12 
98838 
9,9886 
99883 
9598913 
9798939 
9,989 


| 


Co-tang. 


10,01 516[60 
I0,01491 50 
10, 14665 

10,0 P44Of 
I0,01415 
10,0139g9O 
10,01 365 
10,01 339 
10, 01314 
10, 01289 


PRI 50 
o, 0123 
10,01213 
10,01 188047 
10,01 16246 
1,0113745 
10, 01112 
10, 1087/43 
10, o 106 142 
10,1036 


9799015 
9799040 
9,9906 5 
999090 
9,99116 
9,99141 
9,99 166 
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TREATISE 


MARINE FORTIFICATION. 


1. Y Marine FoRTIFICATION is meant the art of raiſing works 
for the defence of a harbour againſt the attacks of any kind of 


As the works proper for this purpoſe depend in a great meaſure on the 


principles employed in the fortification of towns, it will be neceſſary ww 


zive ſome general notions of the uſua! methods of fortifying, previous to 
the meaſures that ſeem moſt effectual to the ſecuring of harbours. 


It is not intended in this tract to give a complete ſyſtem of fortifica- 
tion; and conſequently the reader will not be perplexed with the diffe- 
rent ſyſtems, as they are called, of this and that Engineer; many of 


them being the productions of dabblers in the art, who, having di- 
verted themſelves with whimſical ſcratchings on paper, publiſhed their 


conceits for a like amuſement to others; and gravely compared their 
pretty drawings with the approved works of experienced Engineers. It 
is high time that moſt of their names and notions were forgot, and that 
thoſe who hereafter may write on this ſubject, ſhould confine themſelves 
to the deſcription of ſuch works only as are moſt in uſe, and which by 
experience have been found to be moſt conducive to the defence of the 
place, and the retardation of the approaches of the enemy. And this is 
what is briefly attempted in the following pages. 
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4. A place is ſaid to be covered, either when the enemy 1s prevented 
from coming to that place by a body of troops or other hindrance ; or, 
when a ſufficiently ſtrong bank, raiſed before that place, prevents thoſe 


ditch, and it is of two ſorts. 


cularly treated on. 


the time that can be taken to conſtruct them; thoſe made at-leiſure being 


„ Y1 
Of Land Fortifications. ' 


2. ForTIFICATION is the att of making certain works about a place, 
by which the perſons within may be able to defend themſelves againſt the 
attacks of a much greater number from without, more effectually and 
longer than if the place were not furniſhed with ſuch works. 


3. Defenſive works uſually conſiſt of moats and banks, covering the 
place which they defend. DE. | 


without from ſeeing them within. | 


5. Defenſive works are of various kinds; the moſt fimple are uſually 


SECTION I. 
/ Lines or Intrenchments. 
6. A Liv, or an INTRENCHMENT, conſiſts of a bank of earth, and a 


_ Firſt, Such as the trenches carried on in a fiege, where the bank is 
between the ditch and the enemy or town; and here the earth is thrown 
up againſt the town, becauſe the workmen are thereby better covered in 
carrying on the works. | 

Secondly, Such as ſerve to incloſe a town or camp, ſecure a paſs, cover 
the entrance into a country, or other place, &c.; in theſe the ditch 
is between the bank and the enemy. | 

The firſt ſort is uſually called trenches or approaches: and the ſecond 
is generally called lines; which are the ſort that will be here more parti- 


7. Lines are generally made to ſhut up an avenue or entrance to ſome 
place; the ſides of that entrance being covered by rivers, woods, moun- 
tains, moraſſes, or other obſtructions not eaſy to be paſſed by an army; 
though there have been caſes where lines were conſtructed in plain 
countries; but then they were carried quite round the place they were to 
defend, as the lines ſurrounding a camp, called lines of eircumvallation. 
Lines are likewiſe thrown up to ſtop the progreſs of an army, as thoſe 
made by Marfhal Villars and others. However, in what follows it will be 
ſuppoſed that the line is to cover a pals that can be attacked only in front. 


8. The making of lines greatly depends on the nature of the place, and 
very different from thoſe made in haſte. The 
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MARINE FORTIFICATION. 3 
The works uſually thrown up in haſte are called temporary, ſerving 


chiefly on a preſent emergency: thoſe made at leiſure are generally in- 
tended to laſt many years, and are kept in repair, under a probability of 
their being frequently attacked. But whether the work be temporary or 
laſting, it is neceſſary that it be adapted to the materials at hand, or that 
can be procured with the leaſt expence and trouble. 8 


A road or paſs may be advantageouſly held by few men againft a much 


greater number, many ways; as by turning a water-courſe, planting 
ſtakes, felling trees, digging ditches, making a fence of ſtones, &c. Bur 
the way now moſt uſually practiſed is to make a line after the method 
contained in the following precepts, | TT 


I 


9. To throw up a line acroſs a paſs. 


iſt. Having choſen the place moſt convenient for the line, let à ropes 
or haybands, or twiſted ſtraw or graſs, be run quite acroſs the way along 


the intended place of the line, pegged to the ground at every 4 or 5 yards; 
and at the diſtance of about 10 or 12 feet before the line, toward the 


enemy, let ſuch another line, or a row of ſtakes, be carried in a poſition 


parallel to the firſt rope. 


24. Range the labourers or troops within thoſe limits, either ſingle, in 
pairs, or treble, &c. according to their number, or the time in which the 
work is to be done, each being furniſhed with proper digging tools, 


2d. Let the earth, as they dig it up in this breadth, be thrown on 

the other fide of the firſt rope, until a bank of about 5 or 6 feet thick 
and 6 or 7 feet high be raiſed; obſerving that the ſides of the ditch be 
ſloped in the ſame manner that the earth natur Aly rolls down the bank; 


and continue the digging till the ditch is about 5 or 6 feet deep, the 


breadth of the bottom being about 4 of the breadth ſtaked out at top. 
And while the ditch is digging, it the earth as ir is thrown up be trodden 
down, the bank will be more compact; or 'a few hand-rammers (ſich 


as the paviours uſe) kept conſtantly going, will render the work more 


tm and durable. 


4th. Let the inner fide of the bank be pared with the ſpade into ſuch a 
ſlope, as a man ftanding upright may eaſily touch, with his arm extended 
ſtraight before him; and at the foot of this bank, let a fozt-bank or Rep 
be raiſed, of ſuch a height, that a man ſtanding on it may eafily fire his 
muſket over the bank; that is, let the top of the foot-bank be about four 

ſeet and half lower than the top of the bank or breaſt- wort. | 


5th. If there is time and opportunity, let the workmen throw up the 
logfe and ſcattered earth upon the bank, on both ſides, and flap or beat 
it with the flats of their ſhovels to make it the more neat and compact. 
Alfo make a gentle ſlope to the top of the foot-bank, that the troops may 
aſcend it more eaſily; and let the crown or top of the breaft-work be 
— — 2 ſloped 
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ſloped ſo that a muſket laĩd flat on it may ftrike the ground with its ſhot 
about 5 or 6 feet beyond the ditch. | 


When the foil} is clay, ſand, turf, or mould, the workmen will need 
only ſpades and ſhovels ; when gravelly or ftony, one man ſhould break 
the ground with a pick-axe or mattock, while another throws it upon the 

bank, where a third ſhould ſpread it level and tread i: down. 


10. A work of this kind being completed, the troops behind the lin- 
may wait the coming of an enemy with leſs concern: For 1ſt, the bank 
or breaſt-work ſecures them from the enemy's fire. 2d. And when they 
ſtand on the foot-bank, they are more than 5 covered, while the enemy 
are wholly expoſed; and conſequently the troops within may make three 
of their ſhots tell for one of the enemy's. 3d. They can, by going off 
the foot-bank, be quite covered while they load again. And on the whole, 
they are in no great danger of being forced from the lines while they 
have courage enough to keep poſſeſſion of them, except the enemy are 
greatly ſuperior in numbers and cannon. b 


The magnitude of lines are generally proportioned to the little time 
that can be ſpared to throw them up, and to the ſtrength of the enemy 
who are to attack them. The following ſorts are what have been prac- 

tiſed on ſeveral emergencies, and the rate at which men ordinarily work 

on ſuch occaſions. 33 ; 


11. | AT aBLE of the dimenſions of Lines. 


mY Breaſt-wurk : 


| 
| 5 — — — * $ 
| Thickneſs | Height |:{eight|} Upper | Lower Depth| Solid | Days | 
at top | within |without||breadth|breadth content] works 
| I 4 feet 71 feet | 6 feet 8feet] a>feet 5 feet] 43ft.] 1 
T3 I 19 IT I I RL 
| & [1-16 1# Te 1 R161 
7 72 6 14 10 ww | 2£ | 

3 2 | | 75 6 6 51 i 7* 2 3 

13 | 71 166 28s } 6 71 1 35 '-3# 


The days work here is one yard in length. © . 
n the firſt, 100 men will complete 100 yards in length of this kind of 
liges in one day; 200 men in half a day; 400 men in a quarter of a day, 


12. When lines are thrown up at leiſure, then the ditch is uſually 18 
feet broad at top, 7 or 8 feet deep, and the ſides of the ditch are fo floped, 
as to leave only 6 feet breadth” at bottom; the breaſt-work, or, parapet, 
is about 7 feet thick on the top or crown, and 7 or 8 feet high... 
In Plate XV. fig. 1. ſhews the heights, depths, and breadths of the 

ſeveral parts of a line, well deſigned and finiſhed. — 


— 
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Where 1L repreſents the ground line, or ſurface of the place. 
AB, the breadth of the ditch at the top. 
CD, the breadth of the ditch at bottom. 

F ac, is the ſlope or ſcarp of the vgs and ditch. 
DBR, is the counterſcarp. 
EF, the top or crown of the parapet or ae 
Eg, the inner ſlope of the parapet. 
HG, the top of the foot-bank. 
HI, the flope of the foot-bank. 
BKL, a ſmall ſloping bank called the glacis. 


13. This figure is called a ſection or profile, and may be thus drawn. 
. Iſt, In the ground-line, lay off, from any ſcale of equal parts, the dif- 
|  kances 1 a=b feet, ab=4 ft. cgi it. ed / ft. da=45 ft. 
4726 * Fs ft. pay i. 11286 ft. 
zd. Through a, 5, c, d, e, % g, B, draw lines perpendicular to IL. 
zd. Make an=2t ft. '=bs, c&=y ft. 4F=6 ft. fe=d ft. =D 
4th, Draw 1A, HG, GE, EF, FAC, CD, DB, which continue till. it 
meets the line FL, and the —— is conſtructed. 


14. When lines are made te cover a camp, or a large tract of land 
where a conſiderable body of troops are poſted, the work is not made in 
one ſtraight, or uniformly bending line; but at certain diſtances, the 
lines projecting in ſaliant angles toward the enemy. Theſe projections, 
ſaliant angles, are called. REDENTS, or FLANKERS; becauſe the fire 
_ them takes the enemy in flank or fideways as they march to attack 
ines. 

The diſtance between the ſaliaat angles of the flanters is uſually be- 
tween the limits of 200 and 260 yards; the ordivary flight of a muſket- 
ball, point blank, being generally within thoſe limits ; although muſkets 
a my little elevated, will do effectual ſervice at the diſtance of 360 yards, 


I 5. A flanker conſiſts of two lines, called faces, meeting in a * 

and forming an angle called the ſaliant angle, or flanked angle. 

Type part the line between two adjacent flan ankers is called the cur- 
tin. 

The gorge of a flanker is the diſtance between its faces taken at their 

_ Interſection with the curtins. 


16. In Plate XV. fig. 2. Swe the' force of the uſual lines ; where 
the figures, c A B, c 46, are redents or flankers. | 
AC, AB, ac, ab, the faces. 
CB, cb, the gorges. 
AD, ad, the capitals, 
pw 4 the curtin. 

2 The angle CAB, cab, the ſaliant, or flanked, Bs 
The diſtance of the faliant angles i is about 240 yards on a mean. 
The length of the capital is uſually between 40 and 50 yards. 

The length of the gorges is all abou 60 0i 70 yards, 
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179. To make a Plan of lines with redents. Plate XV. Fig. 3 


iſt. Let the line EEEE, &c. be fo drawn, if poſſible, that wherever 
there is a bend or angle, it may either be at once, or twice, or thrice, 


c. the length of about 240 yards from one another, whereby a redent :, 
will always be where there is an angle. : : 
2d. In this line lay off diſtances of 240 yards each, as from E to x, | 


E to x, c. reckoning from the bends toward each end, whether it hap- 


pens that the line will, or will not be exactly meaſured by a repetition of 
the 240 yards, 


3d. At each point E draw the capital EF in a perpendicular poſition ta 
the direction of the line in that point, and make the capitals about 40 
or 50 yards long. 5 e ns ©. 


4th. On each fide of E take the half gorge, EG, EG, each of about 30 
cr 35 yards, and draw the faces FG, FG; and the out- line, or maſter-ling 
of the curtins and redeuts are formed. | 


| Sth. Parallel to each curtin and face draw lines, within, at the diſtanecs 
from the maſter- line, of 7 feet, 8 feet, 12 feet, and 18 feet. 
Then the breadth of 7 feet repreſents the plan of the parapet. 


dl x foot its inner ſlope. 
of 4 feet the top of the faot-bank. 
of & feet the foot- bank ſlope. 


6th. On the outfide of the maſter- line, draw lines at the diſtances of 
102, 16+, and 221 feet, parallel to each curtin and face; and theſe will 
repreſent the plans of the ſcarp, ditch, and caunterſcarp; obſerving that 
the ſaliant angles of the counterſcarp are rounded before the angles of the 
feennts. | ny 
* When the plans are drawn from a large ſcale, all the lines before men- 
tioned are drawn ; but when the plan is drawn from a ſmall ſcale, as of 
20 yards or more to an inch, then the plan is uſually repreſented by fcur 

arallel lines; one without the maſter-line, repreſenting the counter- 
— or out- line of the ditch; and two within, repreſenting the breadths 
of the parapet and foot-bank. 5 3 "HS 5 

Sometimes a ſhort line is haſtily formed by a Cyzvaux DE TRISR; 
which is a beam of 6 or 8 inches ſquare, and 10 or 12 feet long the 
fides being. bored through with holes about an inch and. half diameter, 
and 6 inches diſtant from one another; through each hole goes a ſtaff of 
about 5 or © feet long, armed at both ends with an iron ſpike, fo that 
which way ſoever it is laid along, one row of pikes is preſented againſt 
the enemy. A line is formed of theſe pieces by chaining tugether a ſut- 
ficient number of them end to end. _ 

Ip countries where there is plenty of wood, a line may be formed by 
laying, in a poſition pointing to the enemy, the ſtems of trees and their 
larger brayches, piled one on another to a ſufficient height, and the in- 
terſtices filled with earth. Such a work, called an ABBAT1s, affords an 
excellent defence; as was experienced at T iconderoga. | 
We a ks . SECTION 


- 
- 1 


MARINE FORTIFICATION. x 
SECTION I. 
1 Of Batteries. 


When lines are to be vigorouſly defended againſt a potent enemy, it is 
proper to raiſe batteries ; that is, works from which cannon may play on 


the troops as they advance to the attack : theſe batteries are either p 


or covered. — | 
19. An OyEn BATTERY is only a number of cannon, generally field- 

pieces (that is, ſuch as carry a ball not exceeding g pounds weight) ranged 
in a line or row abreaſt of one another, on ſome natural ſmall elevation 
of the ground ; or an artificial bank of about a yard or two high. Theſe 
cannon are ranged at about 15 or 16 feet diſtant from one another, hav- 
ing their ſhot and loading utenſils. lying by their fide; and the powder 
lodged in a hole at ſome diſtance behind the battery. A leſs diſtance 

than about 15 feet from gun to guns might occaſion danger, conſidering 
the hot ſervice for which ſuch batteries are erected. mY 
20. A CoveRED BATTERY is when the cannon and gunners are co- 

vered by a bank made of bruſhwood, faggots, and earth; of about 18 or 
20 feet thick, and 7 or 8 feet high. The cannon uſed in ſuch batteries 
are generally from 9 to 18 pounders; and ſometimes 24 pounders are 
uſed in them. 


21. The faggots, or, as they are moſt uſually called, the Fascines, 


are made of the middling- ſized loppings of trees, under an inch diame- 


ter, and are of three different lengths, 6, , and 12 feet, according to the 


work they are intended for: they are uſually bound or tied round with 
wyths ; the ſhorteſt in two places, the next in three, and the longeſt have 


four bands. Theſe faſcines are commonly 8 or q inches thick through 


out, the ends being cut fo as not to be tapering. 


The. faſcines are fixed to the ground, and to one another, by ſtakes 


called PicKxzTs, like birch broom-fticks, but ſtronger ; they are about an 
inch, or inch and half thick, and from 3 to 6 feet long ; the 6 feet ones 
are in number about Z of the 3 feet pickets, but much ſtronger. 

All feld batteries conſiſt of four chief parts, namely, the aztch, the pa 
rapet, the platform, and the magazine. | Wy TOY 


Eu | Of the Ditch. 


— 


Thbe ditch is uſually dug in the front and ſides, and foratimes quite 


round; and ſerves not onl y to furniſh the earth neceſſary for the parapet, 
but it alſo prevents the enemy from entering the battery ſo readily as he 


might gtherwiſe do. The ditch in front is commonly 18 or 20 feet 
broad, and the depth about 7 or 8 feet; the ſides ſloping toward the 
bottom, which is about 6 feet wide; but the ditches on the fides are about 


10 feet wide, and 6 feet deep. Theſe are the dimenſions uſually given; 


but the general practice ſeems to be, only to get earth ſufficient for the 
work, and not mind the regularity of the ditch : ſor as theſe works in 


attacks are uſually done by night, the keeping ſtrictly to the aſſigned di- 
menſions is hardly practicable, — 
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23. Of the Parapet. 3 | acroſs ſc 


The parapet is generally raiſed about 3 or 4 feet diſtant from the brink 
of the ditch, the ſpace left between, called the Bexm or F ORELAND, 
ſerving ro lodge the rubbiſh beat down by the enemy's ſhot, that it may 
not fall into the ditch. 

The thickneſs of the parapet ſhould be about 18 or 20 feet, in order ta 
F cannon proof, and about 7 or 8 feet high, when the enemy has no leeper 

mmand above the battery. But if they have a command over this a 
height, the parapet ſhould be raiſed high enough to cover the men while 
they load the guns, 

The length of the parapet depends on the number of guns to be em- 
ployed in the battery. 

24. Thus for one gun, allow 8 yards in length. 

And 6 yards more for every other gun. 

So 2 guns has 14 yards; 3 guns 20 yards; 4 guns 26 5 yards, &c. 

25. There ſhould be great care tgken that the battery * not enfiladed 


or raked by the enemy's cannon : neglects of this kind are often fatal to F T! 
the officers-and gunners, as was well known at the ſiege of Carthagena, | | behit 
anno 1741. But this is eaſily prevented by raiſing at one, or both ends and | 
of the parapet, a bank acroſs the battery called an epaulement, of the pit 2 
on thickneſs and height with the parapet, and about 15 or 18 feet uy 
ong. wit 


26. The parapet conſiſts of two parts, namely, the wall and the mer- 


”& f 
The WALL is that part of the parapet which is contained in one piece to e 
trom end to end, and is about 21 or three feet high, 

The MtxLons are detached pieces of the parapet, leaving openings mo 
called EMR ASURES, through which the cannon deliver their ſhot 
The embraſures ſhould be cut as much as is poſlible perpendicular to 2 

the patapet; therefore the battery ſhould be parallel, or nearly ſo, to the * 
object to be battered : for the direct ſhots have moſt force; and oblique 
embraſures weaken the merlons, or parts of the * ſtanding between = 
the embraſures. * 


27. The embraſures are uſually about 2 or 21 feet wide on the inſide, 
and about q or 10 feet on the outſide; fo that the cannon may be traverſed 
from the right to the left, and command a pretty large extent in front. 
The diſtance from the middle of one embraſure to the middle of the net 
ſhould be about 18 feet, in order to leave ſufficient room for the working 
of the guns, and the ſtowage of the ſhot and other neceſſaries. 


28. . Of the Platform. 


'The 1 is a floor made to faciliate the rolling of the carriage 
wheels, and to prevent them from ſinking into the ground by the weight 
of the cannon, eſpecially in wet weather. 

Platforms are generally laid floping toward the parapet g or 10 inches; 
this carries off the rain, preyents the gun from recoiling ſo much when 
fired as it would do if laid level; and when loaded, it is more eaſily 
* to the embraſure. | 


” 


29. In 


— 


- 


209 · In temporary batteries the platforms are made of planks laid 
acrols ſome ground timbers or ſleepers; there is uſually a platform made 
to each gun; it is about 18 feet long, 8 feet broad next the parapet, 
and about 14 feet broad at the tail, the intermediate ſpaces between the 
platforms ſerving for the ſhot and other neceſſaries. 

30. When a platform is to be laid on marſhy ground; firſt lay a floor 


or two of faſcines; cover theſe with hurdl:s of 12 or 15 feet long. and 
6 or 7 broad; on theſe lay a floor of 3 or 4 inches of earth, in which the 


fleepers are to be laid, and over them the planks. | 

31. When a battery is built of ſtone or brick, the platform is \ ne 
rally a flat-ſtone pavement ranging the whole length of the battery. This, 
on account of its reſiſting the injuries of the weather for a long time, is 


to be preferred to planks; but in caſe of a bombardment ſuch a plat- 


form is to be-avoided, becauſe the ſhells will not only break the pavement, 
but alſo, by driving about the broken ſtones, do the troops much miſchief, 


Mo - | | Of the Magazine. 


The magazine to a field battery is uſually made about 50 or 60 yards 


behind the platform. It is a cavity dug in the ground about 4 feet deep, 
and the earth thrown between the pit and the platform; the ſides of the 
pit are ſometimes planked round to keep it dry, and prevent the earth 
from crumbling in; and the powder barrels placed there, are covered 
Wh and earth, or tanned hides, to preſerve the powder from wet 
The communication to the magazine is by a floping trench beginning 


to deſcend about 5 or 6 yards behind the platform; and the earth thrown 
on that fide, where it will moſt conveniently cover the perſons, who re- 


move the barrels of powder from the great magazine to the battery, or 
ſmall magazine. . : 

33. When there are many cannon in battery, and the ſervice is quick, 
it is cuſtomary to have to every two pieces a ſmall magazine to hold 20 
or 30 barrels of powder. This is placed about 15 or 20 yards behind the 
platform, and againſt the merlon between the cannon ; and as theſe bar- 
rels are uſed, they are replaced by others from the great magazine. 

At each magazine a centinel is placed to prevent accidents. 


And to prevent perſons coming into the battery and magazines who 
have no buſineſs there, a trench is ſometimes dug behind the magazine, 
and carried into the trenches which communicate between the magazine 


18 To conſtruct a Faſcine battery. en nn 


| For ene gun provide 600 faſcines of 9 ft. 100 of 6 ft. 120 of 3 ft. And, 


for every other piece 400 100 100 | 
each faſcine being about 9g inches thick; and let there be three or four 
pickets for every faſcine, for many will break in driving. - | 


Trace the limits of the parapet in two parallel lines about 18 feet diſ- ” 
tant, allowing 8 yards in length for one gun, and 6 yards for every other 


Lay 


gun; and along theſe lines cut a trench about half ſpade deep. 
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Lay a row of g feet faſcines along one trench, obſerving that their ends 
be well jammed one into the other, and let each be pezged down with two 
pickets, driven into the ground till the head is ſunk into the faſcine. 

Clofe to this row lay another, the two end ones being of 6 feet, and 
the reſt 12 which will prevent the joinings in this row from falling 
againſt the joinings in the firſt row: let theſe alſo be ſtaked down as be- 

fore. Cloſe to the ſecond row lay a third, all of q feet. Cloſe to the 
third lay a fourth, the two end ones being 6 feet, and the reſt ꝙ feet. 
In this manner lay the rows of faſcines within the limits ſtaked out, 
which will be covered with 24 rows; then over this floor of faſcines 
—_ earth to fill up the hollows, and let the whole be trod or rammed 
On the firſt floor lay a ſecond, obſerving, that as in the firſt floor every 

ſecond row ended with 6 feet faſcines, ſo in the ſecond floor every odd 
row ſhould end with 6 feet ones, and the joinings of no two fafcines in 
this floor will fall over the joining of the — below them. Let the 
dutſide rows in the ſecond floor be fo placed over thoſe in the lower, that 
there be a little ſloping preſerved, the work narrowing upward. The 
pickets which ſtake down this floor are to be driven up to the head, and 
the channels or hollows in the floor are to be filled up with earth. In this 
manner lay four floors, which will raiſe the work to about 21 or 3 feet, 
and that part of the breaſt- work called the wall will be completed. 


35 To flake out the Merlins. 


Meaſure from each end of the wall 12 feet, there place a ſtake ; and 
plant other flakes at every intermediate 18 feet; this being done on 
the infide of the wall, let other ſtakes be planted on the outſide, either 
directly oppoſite the former, or in the line toward the place where the 
gun is more particularly intended to deliver its ſhot. Plant other ſtakes 
on the infide, onea foot diftant on each fide the former, and this will 
leave ſpaces of two feet each for the inner opening of the embraſures : 
men on the outſide, plant other ſtakes at 5 or 6 feet diſtance from the 


former ones, one on each fide, and ſpaces of 10 or 12 feet will be marked 


out for the outſide openings of the embraſures. | 
In the direction of the pickets, which limit the inner and outer open- 
ings of the embraſures, let ſingle rows of faſcines be ſtaked down acroſs 
the wall, and (theſe will be the ſides of the embraſures. Fill the interme- 
diate ſpaces or merlons with rows of faſcines laid lengthwiſe to the wall, 
and this will be the firſt floor of the merlon, which is to be picketted 
dowr, and the hollows filled with earth as before directed. Let other 
floors be raiſed in like manner, until the merlons are carried up about 5 or 


6 feet, or more if neceſſary; and on the top of each let a bed or floor of 
earth be laid about 8 or 12 inches thick. | ; 


Acroſs the top af the inner opening of the embraſure, lay a bundle of 10 | 


or 12 faſcines bound together, ar as many ſtuſt into a kind of baſket open 
at both ends, and the bundle well ſtaked to the merlons. es 
Provice a blind made of planks 3 or 4 inches thick to fit the inner 
opening of the embraſure, which is to be put up. while the gunners are 
leading the piece, to preſerve them from the fire of the muſketry. 
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The cheeks or ſides of the embraſures are to ſlope, ſo as to have the 
top wider than the bottom; which not only leaves a greater opening for 
the blaſt of the gun, but theſe ſlopes, in works of this kind, give a greater 
degree of ſtrength to ſupport themſelves againſt the bearing of the upper 


parts. - 
356. To conflru## the Platforms. 

Againſt each embraſure lay on the ground five pieces of timber, called 
ſleepers, about 18 feet long, and 6 or 8 inches ſquare; let the ends next 
the embraſure be placed at ſuch a di ſtance from one another, that the diſ- 
tance from out to out be about 6 feet, the other ends ſpreading about 12 
or 14 feet from out to out; drive two ſtakes about 3 inches ſquare into 
the ground on both ſides of each end of every ſleeper, by which they will 
be kept ſteady in their places, and let the earth be well rammed and beat 
up cloſe to them: but obſerve to let the tails of the ſleepers be raiſed about 
6 or 8 inches higher than the ends next the wall, to prevent the cannon 
from recoiling too much when fired. Oe 

Cover the ſleepers with planks about two inches thick laid croſs-wiſe; 
that next the embraſures being about 8 feet long, the reft gradually in- 
creaſing, ſo that the plank at the tail be about 14 feet long; and let the 
planks be nailed to the ſleepers. 85 


On this floor fix a piece of timber about 6 or 8 inches ſquare next 
the embraſure, to ſerve as a ſpur for the carriage wheels to knock againſt 
(which is therefore uſually called the Anocker) when the gun is run up to 
the wall; obſerving that the ſpur be laid parallel to the object to be bat - 


tered. | 
The whole platform ſhould be of oak, if it can be had. 


37. If there is any danger of the battery's being raked by the enemy's . 


cannon, let an epaulement or ſcreen be raiſed at one or both ends of the 
parapet, joining to it, and conſtructed by floors of faſcines, laid as before 


thewn : then all the ſtraggling twigs of the faſcines being cut, off, the 


battery is conſtructed, hs 

A battery thus made will do in caſe of haſte, and where earth enough 
is not eaſily had: but as it is ſubject to be fired when the wood is dry, it is 
not fo much in uſe as another ſort called a coffer battery; eſpecially where 
wood is ſcarce and earth plenty. 5 | 2 

A CorrEx BATTERY is that, where the ſides only of the wall and 


merlons are formed of faſcines, and all the cavities or included ſpaces filled 


with earth. 
" 0 Tu make a Coffer battery. 


The place of the battery being determined, mark out with a line the 
limits of the parapet 18 or 20 feet thick ; and 3 or 4 feet before the pa- 
rapet mark out with lines or ſtakes the limits of the ditch, 10 or 12 feet 
| broad, or more if earth is wanted; allowing 8 yards in length for one 

Bun, and 6 yards more for every other gun, * 

On the outlines of the parapet, cut a trench 5 or 6 inches wide and 
deep, and there lay a row of faſcines, the ends being jammed one into the 
other ; let theſe be ſtaked down, Lay on them another row, ſo that the 


h 
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joinings of theſe be not directly over the joinings of the lower one, and the 
knots of all the bands turned inwards; ſtake theſe down; and on them 
lay in like manner a third and fourth row, &c. until the height be about 

3 feet. The ſame kind of work being done at the ends, and for the 
epaulement if wanted, the coffer for the wall will be made. 

Then let the men 'be diſpoſed along the place intended for the ditch, 
and with the proper tools break the — and throw it into the coffer ; 
where, as the earth is thrown in, another ſet of men are to ſpread it, and 
ſtamp it down with rammers; and this work is to be continued until the 
coffer is filled. 

9. When the wall is finiſhed, let the embraſures be ſtaked out as be- 


fore (35), and a coffer formed in like manner for each merlon, which is 
alſo to be filled with earth and rammed down. 


The other articles in the preceding battery are to be followed in 155 


the only difference being in the making of the parapet. 


When a proper place for a temporary battery is deſtitute both of dry 


earth and wood, then materials muſt be carried to the place; theſe uſually 
are gabrons and earth- ſacks. © 


The EarTH-SACKS are only bags to carry . in. 
A Gaptow is a large baſket without a bottom: they are of various 


ſizes, as from 3 feet high and 24 or 3 feet diameter, to 6 or 15 feet high 
and 6 or 7 feet diameter. 


40. To make a Gabion battery. 


Along the line marked out for the battery, let the gabions be planted i in 

the places where the merlons are to be: the gabions uſed are of 5, 6, and 

7 feet diamgter, and 8 feet high. Each merlon muſt have 7 that is, 3 

within of fix feet diameter, next two of 7 feet diameter, and on the outſide 
twœrof 5 feet diameter; obſerving to leave proper openings for the em- 
braſures, about 2 feet on the infide, and 9 or 10 on the outſide. 

Or thus: Let the merlons be made of gabions 5 feet diameter; then 
put four within, three in the middle, and two on, the outſide ; this con- 
ſtruction being rather ſtronger than the former. 

The ends and epaulements are alſo formed by three rows of gabions. 

The floors or bottoms of the embraſures ate to be filled with gabions 
about three feet high, and of a proper diameter to fill up the * be- 
tween the merlonss. 

The gabions deing placed are to be filled with earth brou t from the 
neareſt places in the earth-ſacks ; or elſe they may be filled with du 
mingled wich ſand; and in caſes of neceſſity, they may be filled with large 

faggots, or billet wood, obſerving that the voids between the 5 are 


_ led alſo. 


-— — 2 — 


? 41. The Sicur Remy, in his Memoirs of - has given a table 
for the ready finding of all the requiſites for the conſfruction of temporary 
batteries, and for their daily ſervice, the pieces being 24 pounders; and 
although theſe batteries are calculated only for "> Ang and are of the 
coffer · k ind, yet from this table may be derived ſuch * as will 

greatly help young artiſts on other occaſions. I 
b 
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It is alſo proper to mention the number of faſcines and pickets, that is 
uſually expected _ day from the labour of each man employed in 
that ſervice. 
Of faſcines 5 or 6 feet long, and 5 or 6 inches thick, bound with 
two wyth bands each, one man will make 16 or 18 in a day, with two 
pickets to each. 
Ot faſcines 8 or 9 feet long by 8 or 9 inches thick, and two pickets to 
each, one man uſually makes 10 or 12 in a day. 
Of faſcines 12 feet long by 9 inches thick, with three pickets to each, 
8 or 10 are uſually expected from the day's work of one man. 


The days here Goes re ſuch in which the men may work about 
12 hours. 


In the following table C. Sends for hasen 
42. A TABLE for conſtructing of Batteries. 


i II 
oe | | 


— 


6 . 


hatchets. 


Pickets from 3 to 6 feet long, and about 11 inch thick. 


- —_ a 


Number of workmen's tools uſed at the battery, vix. 


Number of workmen to conſtruct the: battery. 
c. 
are 


— Bis. he 


p 


ſ 
ks for the platforms, 2 or 24 inches thick, 


. — 
— 


W—_ 2 1 - 2 


& 0+ Faſcines of 12 feet by 8 or 9 inches. 


— — — — 2 r ( — „ 
5 
ä — 


d hatchet. 
beſide 


Faſcines of 8 or 9 feet by 8 or g inches. 


attery. | 
8. 


T; 
an 


Is Length of the parapet in yar 


E [Handbills, 2 for each embraſure, 


ickets, 


in 


[= > Mallets to drive the p 


Shot of 24 pounds for 100 rounds, 


We ” 9 
- 


_—_ 
„ 


Dm * 


— 


. ſhovels, ſpades, pickaxes, mattocks, 


Faſcine-makers, each a bill 


Falcines of 5 or © feet by 5 or 6 inches, made by the 
cavalr Yo | a] | 


Powder for 100 rounds, at 121b. each per day 5 


[Soldiers to affiſt the gunners, _ 


S ol oa [Gunners to ſerve in the battery. 


© |o ov of. + | Number of 24 pounders 


| : 
— — ny 

5o| 70 [15120 2 ©| 520 32| 42 24 C| 2 C| 

_ 60] 85 20165 3 C} 749] | 48] 6118 36 © 304 

70 100.25 210 4 C| 960 18 8| 64 824 74 
32 80| 115130|255|100| 5 C|1180[22[10| 80 30 60 C| 5 C 
380 90 130135 [300[120| 6 C[l400[26|12| 96|12 36| 72 C| 6C] 

1. 2144/229| 1451491345 [140|_7 C|1620130{14 [11211442] 84 C| C 

50|110| 160045 390160 8 C840 3416128 16045 96 C| 8 ( 
561120] 175 591435 [180] 9 C 0 
021130] 19055 480 20010 C 
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43. When batteries are erected at leiſure, and are wanted to ſtand for 
ſome years, it is beſt to make them of ſtone or brick, or good loamy 
— as the materials are neareſt at hand, or can be moſt eaſily 

* | 

When made of ftone, the thickneſs of the parapet is uſually about 

or 5 feet ; but this thickneſs is varied, according to the quality of the 
2 or to the ſize of the cannon that may be brought by an enemy to 

e on it. 0 | ED 
| Parapets of brick are of 5, 6, 8, or even 10 feet thickneſs, according 
to the goodneſs of the materials, or the ſervice it is to endure; and the 
angles are generally of ſtone. 5 | 

A -parapet made of good earth, and 18 or 20 feet thick, with the ſur. 


face covered with green tyrf, will reſiſt the injuries of the weather for (:. 


veral years, and ſtand the ſhock of an enemy's cannon the beſt of any. 


RR 
the level of the adjacent land or water which they are to command; ſo it 
is uſual to make the floors of the embraſures ſloping, the drip being on 


the outſide, about a foot or foot and half below the fill of the inner open- 


ing, that the cannon may be pointed downward. 


When the embraſures are cut through an earthen parapet, they are 


commonly lined with brick; or at leaſt the angles are made of maſonry, 


theſe parts being the moſt ſubjeQ to be injured by the weather. 

The beſt embraſures are thoſe made with a neck, by which a part of the 
opening becomes more contracted, and conſequently is better adapted to 
preſerve the gunners and cannon from the enemy's ſhot, than when the 
checks of the embraſures are made ſtraight. : 


45. Although the axis or middle line of an embraſure ſhould, if poſſible, 
be at right angles to the length of the parapet, yet it may ſometimes be 
neceſſary to have them oblique. When this happens, the inſide of the 
| parapet is notched, or ſo cut away, to leave proper room for the front of 

the platform, that the wheels of the carriage may be drawn up againſt the 
inner opening for the axis of the gun to lie in the axis of the embraſure ; 


but then the outſide of the parapet is to be ſtrengthened, to compenſate 
for what is cut away within, 8 2 


Tue foregoing particulars, relating to embraſures, will be ſufficiently 
illuſtrated by the following preceprs for their conſtruction. FE 


46. To conſtruttꝭ the Plans of embraſures. | 
Fier. For the plain embraſure, Plate XV. Fig: 4. 


1ſt. Draw the axis As perpendicular to the parapeet. 
29. For the front opening, make Ac An, each from 4 to 5 feet. 
3d. For the inner opening, make hr E, each from x to 1 f feet. 
4th. Draw Fp, xc, for the cheeks of the embraſute required. 


* 47 Sz 


1 
1 
4 
4 
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47+ SECONDLY. For the necked embraſures. Plate XV. Fig. 5- 
1ſt, Having drawn the cheeks for a plain embraſure as before ; from 
p, the middle of the inner opening, draw nc, BD. | 5 ; 
2d. In the axis AB, take B6=2+ or 3 2 through G draw 1H at 
right angles to BA, cutting BC, BD, in , I, and join EH, FI. 355 
| 3 CHE, are the angular cheeks, In being the neck or nar- 
rowing of the embraſure. | 
48. TriRDLY. For an oblique embraſure. Plate XV. Fig. 6. | 
iſt. Draw the axis a h in the direction where the gun is to command, 
and through any convenient point 1, taken in ab, draw x at tight angles 
1 to ah. . | 8 | 
ad. Make 1n=4 or 5 feet for the front opening, 1Þ=1 or 1 feet for 
the inner opening, and — feet for the front of the platform. 
23d. Through x, , Q, parallel to à ö, draw NC, ND, cutting the 
front of the parapet in c, D; and vp, Qg, cutting the inſide of the pa- 
rapet in 3, 4 3 
— Trough q draw qr parallel to x, cutting the former lines in x, 
' B, E, 7; join ED, Fc, and draw r 5 parallel to a line through g and . 
hen the ſpace qr 5 being cut away, the wheels of the carriage can 
knock againft the line q r, and the axis of the gun will lie in the line n « 
intended for the axis of the embraſure, 

It is evident that the parapet is conſiderably weakened by the cuts for 
theſe oblique embraſures, and therefore d be ſtrengthened on the 
49. When the embraſures are to be expreſſed in the parapets of a plan drawn 

pub yore cy: cn i XV. Pil. 8. f 

On the inſide of the parapet xs, lay off as many times 6 yards, in the 
points c, c, c, &c. as the length of the parapet will admit, unleſs you are 
reſtrained by particular circumſtances ; and from the points c, c, c, &c. 
draw lines to the front of the parapet, dividing it into parts of 3 yards 
each; then taking the parts oppoſite to the points c for the fronts of the 

embraſures, the other parts will repreſent the fronts of the merlons. 
Shade all the merlons, leaving white angular ſpaces to expreſs the em- 
- braſures, and ſtrengthen the inner line of the parapet and the front lines 
Mts ©: Of the profiles of batteries. Plate XV. Fig. 7. 
Let the ground line of the battery be an, zy that of the parapet, the 
inner ſlope of which Dx is formed by making pg i feet, and the per- 
pendicular a H or 7 feet; the crown of the parapet n is formed by 
making þ 1 a foot or two lower than a1; and the front of the batte ry 
I I is found by making bB=2 b1, when of earth, or ; of 4 i when of 
maſonry. Making Dc =24 or 3 feet, gives c the fill of the embrafure, 
the floer of which co is to dip a foot of two below the level line ce. | 
The platform DE is 18 or 20 feet, the tail E riſing about 6 inches 
above the level line AB, the lower double line —_— the ſleeper laid 
lengthwiſe, and the upper double line ſhaded with the lines acroſs, expreſs 
the ends of the planks laid on the ſleepers. et: 
A gun on its carriage, with the wheels againſt the knocker at p, is 
annexed to the figure, to aſſiſt the learner's' apprehenſion. 
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JJC 
Of additional works. 


51. | | Of Ramps. ; N 
When a battery is raiſed above the level of the ground it is built on; 
there muſt be made gentle ſlopes for the cannon to be drawn up and 
down, and alſo for the eaſier communication of the troops poſted there; 
_ theſe flopes, to diſtinguiſh them from the ſlope uſually given to elevated 
| works for their better ſecurity of ſtanding, are called Ramps. 
The baſe of the ſlopes commonly given to earth-banks for their ſup- 
port, is on the-infide about a foot baſe for a foot of height, and on the 
_ outſide is about 8 inches on a foot, or 3 of the height; that is, they rife 
12 inches, on 8 inches of baſe. But for the ſlopes of ramps, the riſe is 
only about 2 inches on 12, or the length of the ramp's baſe is ſix times 
the height, and this is general, for the draught of carriages ; but foot- 
ways need not be of ſo gentle a flope, a riſe of one foot in three may do 
well enough; or, inſtead of ramps, ſtairs may be, and commonly are, 
uſed for the paſſage of the foot. W REY 
The breadth of a carriage-ramp is uſually about q or 10 feet, that 
breadth being ſufficient for the carriage and foot-way beſide ; but thoſe 
for foot-paſlage only need not be above 3 or 4 feet wille. 
Ramps may either riſe on the ſide of an elevated work, or againſt a 
_ faliant angle of that work, or on each fide of an entering angle: their re- 
preſentations in plans may be expreſſed as in the following conſtructions. 


52. To confiruft a Ramp on the fide of a bank. Plate XV. Fig. 9. 
Let xx, 22, be lines expreſſing in a plan the flope of a bank equal to its 
height, which ſuppoſe to be 12 feet. is 


1ſt. Through A, the point where the ramp is to end, draw cg perpen- 
dicular to xx, and make AC of about 10 feet. | 
zd. In zz take BDd=4 times AB, or 16 yards; through D draw AR, 
and through c draw CF parallel to AE, cutting xx in G, and zz in p. 
3d. Through F draw, at right angles to Gr, the line Fx, cutting xx 
in 7, and AE in E; join BE, and the lines Or, EA, EB expreſs the ramp. 


It is ſometimes proper to have ramps riſe on either hand for the con- 
venience of carriages coming from the right or left ; but they muſt then 
be ſo far aſunder, that ſhould a carriage be drawing up each at the ſame 
time, the horſes of one may pals clear of thoſe of the other. "5 
'M conſtruft a Ramp in a ſaliant angle of a bank, Plate XV. Fig. 10. 

53. FigsT METHOD. This is done in the ſame manner as in the fide 
of a bank; obſerving that the end A is taken 6 or 7 yards from the ſaliant 
angle, when a ramp is to be conſtructed on both ſides ; otherwiſe the 
ramp may end at the ſaliant angle x. 


/ 


S.. SxconD 
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g the ſaliant ; make xN=6 times the height, or equal to 14 
yards, and on both ſides draw à parallel line Q at the diſtance from xx 
of half the breadch of the way ; e 
1 Biſect the angle xqz with the 66— tamed. 
join vn, and the plan is formed. , 


55s THIRD METHOD, Fig. 12. From x the faliant an 
radius of 6 times the height, ſuppoſe of 12 yards, deſcribe the arc 113 
and with 5 times the height, or ten yards, deſcribe the arc Kk, cutting 
z1 in o, and draw OP parallel to KL. | 
Make xM#=2 or 3 yards, and draw the curved lines Mo, MP, which 


in plans are beſt done To a; or elfe draw right lines from u to o, 


and from ut to f, and the plan of the ramp is made. 


Te fi inns; that by thing the Hor of poet of » battery the 
placed on it have an advantageous command over ſome part of the neigh- 
bourhood; and when the guns thus raifed fire over the crown of the pa- 
rapet without any embraſures, it is called an Oren BATTERY; or Battery 
en barbe, or plainly a BazBET. | 

Theſe barbets we he meds other is a cuntio, or 22 the fullentanght of 
a flanker. They ſhould always be 24 or three feet lower than the crown 
09 IR oe the top, with a proper 
on them, allowing abou $ or 6 yards for cach and have 3 proper ramp 
an , ng 5 or e à proper 
at each end to aſcend them by. 


57. To give a farther ilufiration of this article, here is added an en- 


h 


Figs 13, 14, 15. 
et PQRVX be a common bank of a line, the parapet 


| te jaces tas 60 bidder bout 6 or 2 pe] than n: then the bank 


mo R, raiſed ſo high that the cannon can 
rapet sr, is the Barbet, the height of which ap is about 3 or 4 feet. 
Nt ef oe Lakes eee r 
Let the fig. 14, 15, repreſent part of the plan of a line, and of i 
to 


over the crowy of the pa- 


one 
flankers or of a battery conſtructed in ſuch a form; where As is 
length of the barbet or raiſed battery, ſuited to the number of guns 


deing out $ or 9 Get nad th engyb a þ about 7 or Þ yards, 


ers are of va ids Plate , 
z0und, fig: 16, of vichus Hopes, fie ſme (Pa de * 
eonſtructed 


Vos. H. 


2 SECOND METHAD. Fig. 11. 1. From x draw a line xx, bi- | 
n 


angle with = 


uſed, which are to be drawn up the ramps put at the ends; the breadths 


in flankers, as is uſual! the caſe, figsuh, 7235 
7 they are 5— 


A 
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- figure to that flanker ; leaving a ſpace df about 8 or 10 yards or more, 
between the parapet of the flanker and the outline of the cavalier. 

They ſhould be faced with earth, or plank of brick, but not with 

ſtone ; becauſe the ſplinters knocked off by the enemy's cannon would 

greatly annoy the troops, that may be poſted in the line below the 
Cavailer. | | | * 

Any other particulars will be ſufficiently known from the figures; ob- 
ſerving, in the plans, to repreſent their outſide limits by a double line, to 
expreſs the ſloping of the earth, and to put a ramp in the gorge. 


39. Of Traverſs. -  - Fo 

A traverſe is a bank of earth thrown perpendicularly acroſs a line, or 
other work, to prevent the enemy's cannon from taking that line. 

Theſe traverſes may be from 12 to 18 feet thick, in order to be can- 
non proof, and their height about 6 or 7 feet; or more, if the line is ex- 
to any eminence from which the enemy has a command. | 

And to preſerve a communication a paſſage of about 5 or 6 feet wide 
4 muſt be left at one end of the traverſe, 


60. The different ways of conſtructing theſe works are readily ſeen by 
the figures in Plate XV. fig. 19, 20, 21, ˙·˙22ꝝę2. 
Thus at a, fig. 19, it is formed by two equal ſhort banks, the ends of 
which jut one beyond the other about 3 or 4 feet, leaving a paſſage of 
about 6 feet. | EE E; Ba 
At B, c, and fig. 20, 21, the end of the traverſe juts about 2 or 3 feet 
into the parapet, beſide the paſſage. But as this greatly weakens the pa- 
rapet, it is to be practiſed only in ſuch places where there is ſufficient 
thickneſs left; where nothing can be ſpared from the parapet, the traverſe 
may be made as at E and F, fig. 22. | W 
p If any part of a work, thus ſhut in by one or more traverſes, is likely 
to be defended by the mulketry, then it is proper to add to the traverſe 
one or more foot-banks within the defence, for the troops to mount on, 
when they want to fire over the traverſe, leaving the upper foot-bank 41 
| Of Paliſades. os 2 
|  » Palifades are ftraight wooden ſtakes about q or 10 feet long and about 
b | the thickneſs of a middle-ſized leg, but of a triangular or rectangular 
| ſhape, according as they are of cleft quartering, or ſawed ſtuff; and have 
one of their ends pointed. Their uſe is to form a line before thoſe 
places, that are moſt likely to be taken by ſurprize. _ 
The beſt are thoſe made of oak, but where this is wanted, or on emer- 
I are thoſe which can moſt conveniently be pro- 
cured. | | 
In planting paliſades it is uſual to ſink about three feet of them into the 
ground, the thick end downwards, and the pointed end upwards, and to 
ſet them about four inches from one another; the whole is braced tage- 
ther by pieces nailed acroſs them near the tops, and ſecured by thick poſts - 
at the diſtance of every four or five yards. 2 


, 


— 
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Paliſades are found to be a very good defence againſt an enem not 
atly ſuperior, and deſtitute of — for the 3 may freely 


ale their ſmall arms at the time they are half covered by the paliſades; 
whereas the aſſailants being quite — attack with : diſadvantage 
of at leaſt two to one. : 


62. | Of menten 


A barrier is a kind of fence or gate ſerving to ſhut up the roads or 
paſſages in works of an 3 kind, to prevent their being . by ſurprize: 
they are of various kin 


Iiſt. A ſtrong chain 3 acroſs the paſſage, at about 34 or 4 feet 


above the ground, and faſtened at each end to an upright poſt. 
2d. A beam laid horizontally acroſs two upright , ofts, 
3d. A BAR-GATE hanging by hinges to an upright poſt. 


4th. A CHEVAUX DE FR1SE, Which is an horizontal "FO uſually 


cut with 6 ſides, each of which is armed with iron ſpikes ſet within five 
or ſix inches one of the other. This * is — at each end by 
an upright poſt. 

gth. A Tunxsrirz, which conſiſts of two or three pieces of timber 
framed croſswiſe, making four or fix rays like the ſpokes of a wheel; this 
frame is put on a poſt in the middle of a paſſage to turn horizontally, fo 
that two of its rays always ftretch acroſs the paſſage, and prevent mere 
than one perſon at a time from paſſing the ſame way. 


6th. A HermrisoN, which is a chevaux de friſe, turning horizontally 


on 2 poſt in the middle of a paſſage like a turnſtile. 
7th. KiinkerTs are ſtrong doors or gates made like palifades, and are 
hung and faſlened as other gates are. 


63. 55 0 Redoubts. 


A Rxnovr is uſually a 2 work thrown up to firengthen the 
lines which ſhut up, or ſecure a a paſt They are uſually figures of three, 
four, five, or fix ſides, encompaſſed with a ditch and a bank of earth. 


The bank encompaſſing ſuch works generally cant ; of two parts, 


called rampart and . 


64. The Ranrany is a large bank an r a work or TED of a 
height ſufficient to cover the habitable parts of the houſes (if any) from 


a direct fire of the enemy; or to raiſe-the defendants ſo, as to command 
the neighbourhood ; and of 
enemy's cannon for ſome time. 


65. The PARArzr, or breaſt- work, is a bank raiſed on the rampart, 


dal to its outer edge, to coyer ä behind it, 
on the rampart. 


66. os of the work likely to be attacked, the parapet is Tut 


thewn at arts. 35 46, 


„ 
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a thickneſs ſufficient to * the efforts of an 
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Againſt every merlon a foot-bank is raiſed on the infide for the muſketry 
to ſtand on, when they are to fire over the crown of the parapet. 
To every embraſure a platform is to de fitted, either of planks, as 
ſhew in art. 36, or of ſtone, as deſcribed in art. 43 
When theſe redoubts are intended to defend lines or intrenchments, 
their faces or fronts ſhould be fo placed, that the fhot difcharged from 
them may fly directly to the front of thoſe lines; for hereby the enemy 
may be ſo galled in flank, as to find it neceſlary to attack the redoubts, 
— ſo either weaken his attack on the lines, or cauſe him to loſe time. 
But when redoubts. are built more particularly to defend the ſpot on 
which they ftand, their faces muſt front the places from which they may 
be battered, and alſo command the ways by which they may be ap. 
proached. 1 Y 
67. The inner fides of ſquare redoubts are uſually between the limits 
of 12 yards and 32 yards; and when they are to be defended by muſketry, 
the number of men neceflary to the defence may be thus determined, 


 Rours. Half the fide ſquared gives the number of troops. 
 _Exant. In a ſquare redoubt, one fide of which within is 24 yards, re- 


quired the number of troops neceſſary for its defence: ” 
| Half of 24 is 12: then the ſquare of 12 is 144 for the number of men. 


AnpD, Twice the fquare root of a given number of men ſhews the 

length in yards of the fide of a ſquare redoubt proper to contain them. 
hus to contain 1co men, the ſquare root of which number is 10, the 

fide of the ſquare redoubt muſt be 20 yards. bes 


68. To conflruit a ſquare redonbi. Plate XV. Fig. 23. 
1ſt. Mark out a fquare, the fide of which is adapted to the number of 
troops lotted for the defence; as AB for the inſide of the rampart, 
2d. About this ſquare, at the diſtance of 10 or 12 feet, deſcribe another 
ſquare, the fide of which cp is the inner boundary of the parapet. 
3d. Make a parapet about q or 10 feet thick, the outline of which is 
the line EY; leave a berm about 3 or 4 feet broad, the fide of which is 
GH, and dig a ditch about 16 feet wide, and about 6 or 7 fect deep, which 
let be rounded before the angles of the redoubt., 

4th. Make the rampart from 4 feet to q er 10 feet high, according to 
circumſtances ; tet the parapet be b or 7 feet higher, and let the foot- 
bank be 44 feet lower than the crown. of the parapet. - | 

th. On the fide moſt ſecure from the make a bridge acroſs the 
ditch, and a paſſage through the rampart. "The breadth of this way 
ſhould be about 4 or 5 feet, if the defence is to be by muſketry only; but 
9 or 10 feet if cannon are to be uſed ; and in either caſe the paſſage is to 


be flint up by a ſtrong gate. A, 
But if „ to be defended by cannon, both the rampart and 


parapet ſhould be at leaſt 5 or 6 feet thickes. 
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As it is for troops to preſent their breaſts to the para- 
. and then fire direct before them, there will be a very conſiderable 
Ede each angle of the week; that will Ce in » heave mankios with= 

out any defence. To remedy this defect in theſe works, it has been pro- 
poſed to round the inſide of the angles of the parapet, and poſt three 

z for more cannot well be applied. 
But this appearing alſo defective, Mr. Clairac has ſhewn an ingenious 

method to make the fire pretty nearly equal in all parts; which is done 
by cutting the inſide of the parapet into notches, whoſe two ſices, of a2 
yard each, are at right angles to one another, and make half right angles 
with the ſides of the work ; the manner of which and its defence, will 

be plain from fig. 23. where the lines with dots at the ends repreſent the 
fire three different ways from the ſame fide. 


There are in many Treatiſes of Fortification directions to make a kind 
of temporary, works called Scoxces, or FIELD-FoRTs ; ſome of which 
being pretty well contrived for defence, will be here explained; but one 
ſoecies of ſconces, called STAR-FORTS, are ſuch wretched baubles, that 
nothing more will be mentioned of them here, — anna 
pretty things to ſtick on children's kites. 


. To conflruft a Flanked Redoubt. Plate XV. Figs, 24, 25, 26. 


nme 
doubt, ſuppoſe of about 18 yards 

Parallel to this fi „ nnn nates. 
it (or more if niteley), deſcribe an outward figure, the fides of which 
are ED, Er, Ofc. 

Divide each ſide, as ED, Er, c. into three equal parts, one of which 
le EI, EL, &c.; and in theſe ſides prolonged take De, ERH, Cc. each 
equal to one of thoſe three parts. 1 

From the points o. th &c. thus found, draw the lines of defence to 

the angles of the outward figure, as n, &c. 

From the points 1, L, &c. draw the flanks, Ik, Lax, Ec. perpendicular 

to the ſides, 2D, EF, &c. meeting the lines of defence in x, My &c. 


Or, The flanks may be thus drawn. 


In the line pl continued towards E, take 1p equal to twice 12. And from 
p, as a center with the radius PI, cut the line of defence in x, and draw 


the flank 1K. 
ah; make a parapet 


Then to each face (Nx), flank (EI), and eurtin (1 
of about 7 feet thick (or more if þ which is expreſſed in the plan 
by lines drawn at that diſtance on the inſide of the ſeveral parts. 
Os Oe ee and make a ditch of 
| 8 or outer line — ————_— ba 
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22 MARINE FORTIFICATION. 
capable of defence than one with. 


A redoubt thus 3 is more 


out flanks: for the curtin 1G is well defended by _ flank IK ; and the 
face HK * 22 


A Revan i is a fortified line . into ſeveral curtins and fanks; the 
defences of the flanks being all directed one way. 


This is a very good work for the defence of any paſſage, fuch as a hol. 


low way, a road, a river, or a harbour's entrance, 


If the defence is intended chiefly for cannon, the diftance of the Aanks . 


from one another ſhould not exceed 300 yards, that being about the 
point- blank flight of a muſket ſhot. But if & defence is chiefly intended 
for muſketry, the diſtance of the flanks may be about 50 yards or leſs. In 
general the diſtance of the flanks ſhould be regulated according to the 
number of them intended to be placed within the length of the line. The 


jength of each flank ſhould be about 15 or 18 feet, in order to admit one 


gun; but if more cannon than one are to be put in a a flank, the flanks 
muſt be made proportionally longer. 


And if the flanks are made about two or three feet lower than the 
curtins, there will be no danger of the troops poſted in the ſaliant angle 
_ of one flank, beiug hit by thoſe in 8 of Ge — 
| 1 


5 | | To confirul a Redan. 


In che frout line ike the equal ſpaces AB, AB, &c, of the yaw pro- 


poſed fur the diſtance of the flanks, as ſuppoſe 50 yards; draw the per- 
pendiculars Ac, BD, of 18 fret each, and draw the 1 mo, AS.  - - 


From the ſaliant angles A, B, draw the flanks AE, BF, at right angles 
to the faces, and che maſter line AEBFAE wal be conſtructed. 


Make 2 5am part, parapet, and foot-bank ; ramps in the curtins, an em- 


brafure in each flank, and as many in each face as convenient, 


| The thickneſs of the parapet, if of earth, may aner 12 feet; 
but if of . 81 
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8 E c T1 0 N Iv. 
Of the Forii ifying of * Towns. 


| Towns are fortified by ſurrounding them with a rampart, moat and 
outworks. . 

3. The Rau An of a town is a large bank of earth ſurrounding 

the place, of a height ſufficient to cover the habitable parts of the houſe 


from the direct fire of an enemy; and of a thickneſs ſufficient to reſiſt” 


the efforts of his cannon for many days. 

The rampart at certain diſtances, within the reach of muſket ſhot, 
ſhould have works proj jecting outwards, either contiguous to the ram- 
part, or detached from it; and theſe projections are to be ſo contrived, 
as to flank or defend one anacker. 


Projecting works contiguous to the ramparts a are called baſtians, and 
thoſe etached from it are called outworks, | 


74- A BasT10N is a projecting work conſiſting of four lines; ** 
of two Faces forming a Galiant angle; and of two FLANKS, which 


Join one * of each face, and have their other ends joined to the 
rampart. 


5. The Cuxrnx is that part of the rampart which lies between two 
da ions. 


76. The Pararer i is a dtd ranging quite round the faces, 


flanks, and curtins; of a height and ſtrength proper to cover the * 
poſted on the rampart. 


77. The Mor er dug on the outſide of the rampart nd 
ſome outworks, quite round the place; the earth that comes out of it 
ſerves to ma::e the ramparts, parapets, and other elevated works. 

The SCARP is that border or wall of the moat next the place, and the 
| CoUNTERSCARP is the oppoſite border or wall. 


78. The Covertp-war is a ſort of paſſage or ſtreet running quite 


round the moat next the — — is | Covered on * next 
the country by a bank or parapet.” 


79. The Gres is a gentle nc ent Geek ths waa 
pet of the covered-way towards the coun 


The head of the glacis is the higheſt part of it, or the top of the para- 
pet next the covered-way, This part is fometimes called the counter- 


bg but the fobfiery-lrually call call the covered-way and = together 


the counterſcarp. 


80. The OurTwonxs. os theſe detached from the rampart, are of va- 
rious forms and uſes; ſome ta. cover the principal parts of the rampart, 
and to retard the, enemy's approaches towards the town, and others ta 
”—_— TRY WOE neglected, might be of advantage to the 


x e | | | 81. The 
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81. The names of the principal Parts of the Plan of a Fortreſs. Plate XVI. 
a MR Fig 4. 


ag the thickneſs of the rampart. 
ad the breadth of the parapet. 
gm mm the moat, ditch, or ſoſa. 
aaag the covered-way. 
bbbb the glacis. 
82. 0 Of the principal Lines. 
be line aBrepreſents the exterior ſide of the polygon, and LA its radius. 
IK the interior fide and LI its radius. 
IA the capital cp the normal. 
GH the curtin g AH the line of defence. 
POT GI repreſs the eee the breadth Hx the gorges 
ine HF the flank 
Aud 1 | face yo the baſtion. 
83. Of the principal Angles. 
| The angle AL» repreſents the angle of the center. 
2 AAB the angle of the polygon, or <9 of the gorge 
L EGH the angle of the curtin, or C of the flank, 
£4 GEA the angle of the ſhoulder. 
£4. FBM the angle of the baſtion, or — angle. 
Z BAR the diminiſhed angle. 4 
the exterior — angle; or 
— | the angle of the tenail. 
Z EHG the interior flanking angle. 
apa the angle of the e 


$4. The ans the principal parts 0 the Pro a Forireſs. 
Suppoſed to be taken throng wee, 8. 7 


The line a 4 repreſents the thickneſs of the rampart at its baſe, 


AR the inner ſlope 

BR the inner height of the rampart. 

BC the walk 

- the r 

EF the inner face or ſlope 

FG the top or crown | 

GH flope or front 

HI the. face of the wall, called the ſearp. 

1 SOA moat. 

KL | outer of the moat, or counterſcarp: 

= the breadth of the covered-way. 

| MN the ſlope, and no the top of the foot-bank. © 

> or W 


1 oe gate het and th bead of th lai. 
Military 


MARINE FORTIFICATION. 25 


Mili works of defence ſhould be conformable to the nei 
which pee time ww ane yy > 1 and ftabliſhed ho forks. 


35. «wii LES ld called Maxis. 


I. The plan of every place that is to be fortified, ought firſt to be cir- 

cumſeribed with one of the moſt convenient polygonal figures that can 
be fitted to that place, and this polygon to be fortified. 

II. The more regular the circumſcribing polygon is, the better. | 

III. It is a diſadvantage to be under a neceſſity of extending the works 
about a fortreſs. 

IV. Every fide of the polygon, as much as is poſſible, ſhould be equally 
fortified ; that the enemy. may not have it in his choice to attack a part 
more weak than the reft. 

V. All works ought, as much as is poſſible, to be eaſy to build, hard 
to , and not difficult to be repaired. 

VI. The works about a fortreſs ſhould be ſo contrived as to cover the 
defendants, diſcover the approaches of the enemy, and be adapted to the 
common weapons ce. 

VII. Each work ſhould de defended from as many as may be, and li- 
able to be attacked from as feœ places as poſſible. 


VIII. Theſe works made to defend one another ſhould be ſuficiently 


to contain the troops and cannon neceflary for that defence. 

X. booted e 

_ diſtance than the point-blank flight of a muſket- 

X. LR 1 ſhould ever 

be loweſt, that they may be commanded by thoſe that are nearer. 

XI. None of Ss wands 2 de helped, be beyond the 

point-blank reach of the cannon within the town. 
XII. Wet ditches are preferable for ſmall places, dry ones for large 


5 
XIII. Baſtions with large flanks and large gorges are malt eſteemed. 
XIV. The flanked angle of a baſtion ſhould not be much leſs than 2 
right one, but are better when obtuſe, not exceeding 120 or 230 de 


I. A curtin ſhould not be much longer than 180 yards, nor much 
ſhorter than 100 yards. 


XVII. The angle of the cunin ſhould be between the limits. of 90 


and 100 degrees. 
XVIII. point-blank flight of a muſket-ball is about 300 yards, 


or wha the Bonk of 2 o and 360 yards hat of a battering 
non is about, £300 yards. nm Say 1 0 


XX. Battering cannon will drive a ball 14-0r 15 feet into a bank of 


common earth at a diſtance of 300 or 400 yards. 


From — contratons have been mads for all the 
regular polygons from four to twelve ſides incluſive ; and the quantityi of 


th vera lines and dete have been obrained from rigonomerical ge- | 


2 Be reſultrof which are contained in the following table. 


x 86. 4 


—_ 7. The faces of baſtions ſhould not differ much in length ſrom 100 
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By the help of this table, every thing relative to the motier-lae of any 
of theſe fortreſſes is readily conſtructed. i 


To deſcribe any of the polygons in the table. 
Fnsr. To con/iruet a polygon in a circle. Plate XVI. Fig. 1. 


iſt. With the exterior radius of the given polyzon deſcribe a circle. 
2d. Apply the exterior fide equal to 360 yards within the circumfe- 
rence of that circle, from a to B, B to c, c to p, &c. as many times as 
the . Dran pol * has ſides. 
raw the 
a 


38. * To 1 85 a — upon the exterior fide Plate 


VI. Fig. 2. 


Iſt. Draw the exterior fide AB equal to 360 yards. 
2d. At the ends A, x, make angles equal to the . of the polygon, 
and in that poſition draw the lines AEz-EC, each of the length of AB. 
Za. At the points E, c, make angles as before, and in thoſe poſitions 
draw the lines ED, co, each of the ſame length as AB. 1 — 
And thus proceed until the polygon is conſtructed. 
Note, The two laſt lines may be 
. By with the radius AB, from the centers E and c. 


89. PROBLEM II. 


To fortify any regular polygon in the table. 
Or, To draw the MASTER-LINE of a regular fortreſs. 


FigsT. - From the exterior fide. Plate XVI. Fig. 3 


| It, Make the exterior fide az equal to 360 yards, and find i its middle c. 


2d. Draw cp at right angles to AB, and make cn equal to the normal. 
zd. Through p draw the lines of defence ann, BDG. 
4th. Make the faces Ak, Er, each of their proper lengths. 

th. Transfer the diſtance FE from F to G, and from E to E. 

th. Draw the curtin GH, and the flanks EG, Fn. 


This work being done for every front or fide, the maſter-line of the - 


fortreſs will be deſcribed. 


This method is moſt fit, when the maſter-kae 3 is to be laid down on 


* where there were no works before. 
go. SeconpLy. To fortify from the curtin. Fig. 3. 


i. Make the curtin GH of its proper length, for the given polygon, ; 


= age <4 1 HGE, Or, as in the table. 
n the lines GE, HF, take the flanks Ge, Hr, of their proper length. 
4th. Make the angles of the ſhoulders ona, HB, as in the table. 
4 * 


This 


nes * BC, CD, &c. and the polygon will be e con- 


found by deſcribing interleing ares 40 
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Thi method io proper e be uſd when «piece of an ld ae. 
is to ſerve for a curtin to fave expence. 


91. Tumprv. To fortify from the interior fide Fig. 3. 


rſt, Make the interior fide Ix of the length given in the table for the 
propoſed polygon. 

ad. From each end ſet off its proper demigerge «Kr and G1. 

zd. On K and 1 as centers, with the extent of the capital, as in the 
table, deſcribe arcs at 3 and A. 
4th. On tz and o as centers, with the length of the line of defence, as 
in 2 table, cut the former arcs in A and B. 


5th. Draw the lines AH, BG; in 2 take the faces AE, — 
draw the flanks £6, FH. 


This method is el when modern ramparts nd baſtions are to be 
annexed to ſimple walls ſurrounding a place. 
In either of the above methods, the work here deſcribed for one front ; 
is to be applied to every front of the polygon; and it is recommended to 
the learner, that he apply the precepts given for one front to a complete 
polygon; and ſhould : a frequent repetition of theſe operations to a whole 


polygon become diſagreeable, they may be done only on two fronts, 
which may be thus drawn. 


Draw a capital line aL ; make the angles LAB, LAA, each equal to 
half the angle of the polygon z and make the ſides Ak, AA, each equal to 
92 PROBLEM III. 
To conftru#t the plan of a baſtion. Plate XVI. 8. 4+ 

1ſt. Draw a capital line Bx, and make the angles MBK, FBK, each 
equal to half the flanked angle. : 

ad. Take the lines Br, BM, each of the length of the face. 

zd. At the points v, u, make the angles of the ſhoulder Bryn, BMx. 


4th. Make the lines FH, Mx, each of the length of the flank. 


5th. At the points R, u, make the angles FHO, MNa, equal to the 
angle of the curtin, and draw the pieces of the curtin HG, Na. 


This problem may be found uſeſul on many occaſions ; particularly 
when the of works in a baſtion are to be repreſented with that 
baſtion only, on a large ſcale, therefore it was here introduced, more 
eſpecially for deginners, who are apt to be ſomewhat puzzled about con- 
ſtructing part of a work, independent of the whole, 


93. | PRONSSY IV. 
it. Draw the lines 4 g A — 


20. In each of the lies » take a g=24 yards, ab5=20 yards. 
* 4 Jude, a 
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157 


The dreadths of theſe parts of the ramparts are ſometimes different, ac 
e 3 Ge ry LE Gſn, on other materials the work is to be 
built wi 3 


the whole ſpace contained within the faces, flanks, and neck. The plans 


of ſuch are repreſented by continuing the pair of lines ö 2, forming he 
of the rampart, againſt the adjacent curtins, till they meet 
the capital in the breaſt of the baſtion, as at x; but then this pair of lines 


inner flope 


is to be omitted againſt the flanks and faces of ſuch baſtions. 


In plans drawn bm 6 he Ge 5 © wha to expats the anche age 
of the rampart by a pair of li 


nes; that is, by drawing a parallel to the 
maſter-line about five or fix feet diſtant frgm it on the outſide. 2 
The maſter- line is to be drawn the thickeſt ; the inſide of the parapet 
ſamething finer ; and the other lines as fine as they can be drawn. 


94. Before any of the lines are drawn in ink (for it ſhould be re- 
marked that every thing is firſt to be drawn in black lead pencil), let the 
ſlope of the rampart (52); the embraſures in 


ramps be put in the inner 
the parapets of the flanks (46) ; the barbets in the ſaliant angles of the 
8 6. with their ramps (56); and the cavallers, if any are to 
in id baſtions, fig. 7. with their ramps and embraſures (58). 


lines be neatly drawn with Indian ink, taking care not to draw them be- 


ſcraped off, the plans will never look well when the 
with any colour. 


veral works where they may be wanted; and here 
take their reſt when relieved from duty, EY 


imes the baſtions are made ſolid ; that is, the rampart fills up 


All theſe ſeveral parts being laid down with black lead pencil, let the 


yond their proper terminations ; for wherever ſuperfluous ink lines are 


These 
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the clear, and about 8 feet high in the upright, beſides the riſe of the ſe. 


of ſhaft of about a foot ſquare. In each gable end, a fmall window is 
made to give light. Rs 1 | 


wood or ſtone, to ſecure the centinels from the inclemency of the wea- 
du ſee what is doin 


PROBLEM V. 


| ſhoulder of the next baſtion, and in that direction draw the lines cp, 


; ing one another in p. * 
3d. From the flanked angle of each baſtion draw lines 3g at right 
angles to. ch. — = 
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Theſe magazines are uſually built about 20 yards long by 12 broad jn 


micircular vault : the fide walls are about 8 or 9g feet thick at the foun- 
dations, and about 8 at top; the end walls about 5 at bottom and 4 at 
top: and that they may be bomb proof, the work is about three feet 
thiek in the reins, or juſt above the ſpringing of the arch, and eight or 
nine feet thick in the crown or top; this is effected by building the roof 
ſloping on the outſide, like the roof of a houſe. i 1 | 
Theſe buildings are ſometimes ſtrengthened on each ſide by buttreſſes 
6 feet by 4; and in each fide wall there ſhould be left in the ſolidity of 
the wall vent-holes to air the magazine: theſe vents wind round a kind 


wa. OY 


96. Magazines may be either in hollow or ſolid baſtions ; care being 
taken in the latter to leave an area about their walls, if the place is ſub- 
je& to damps. There are thoſe, who would have the magazines at the 
foot of the rampart along the curtins, in order (as they ſay} that the baſ- 
tion, by being left clear, may be diſputed witb the enemy inch by inch at 
laſt ; but as there are very few examples, ſince the modern practice of 
war, of ſuch extraordinary reſolution in the defendants after a breach is 
made, the reaſons for having the baſtions thus unincumbered with build- 
ings, are rather ideal than real, and conſequently can have but little 
weight. However, when the ditch furniſhes earth enough, or it can be 
otherwiſe eaſily had, it has been the practice of the moſt celebrated en- 
gineers to make full baftions, eſpecially if they were ſmall and had nar- 
row necks, ._ 5 274 

97. In the ſaliant angles of baſtions, fig. 7. ſuch as the flanked angle, 
and the angles of the ſhoulders, it is uſual to make little centry-boxes of 


ther and random ſhat. They are furniſhed in the ſides with loop-holes, 
g in the ditch and covered-way, and alſo to fire through 
on occaſion, | 


The plans of theſe centry-boxes may be either ſquare, round, or pen- 
tagonal, and their floors are on a level with the walk of the rampart; 
their communication is by a paſſage of about 3 feet wide, bricked on 
— pong: N | 
The centry-boxes built of ſtone. are uſually ornamented with mould- 
ings, and the arms of the prince or ſtate. | * 


The maſter her-line a fortreſs being iven, to draw the plan of the foſs and 
apr e/planade.. Plate XVI. fig. 4. Jef 
1ſt. On the flanked angle n of each baſtion, with the radius gc equal 
to the breadth of the foſs, found in the table, deſcribe an arc cc. 
2d. Lay a ruler to touch each arc at c, and the angle E of the neareſt 


4th. In 
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Itch. In each of the lines B 4, take c a=10 yards (Fig. 4.) 1 
EN EIN ug C'0=12 yards, and c q=bo yards. 
5th. Through the points, a, 0, 9» draw lines parallel to C p meeting 
before the middles of the curtins at c and t (Fig. 3), and before the 
flanked angle of the baſtions in u, x, y,, Es 
Then will n c repreſent the breadth of the foſs. 


ce va ol the eſplanade. 
Co 5 ; of the covered- way. 
42 . of the foot- bank. 
29 „„ 
The arcs c & repreſent the roundings of the foſs. | 
The lines c 9 the counterſcarp. 85 
e the head 
9 the ridges 1 
3 vallies of of the glacis. By 


And y : tze foot - * | | EM s 25 
The head of the glacis is to be drawn ſtrong, and all the other Kues 
are to be fine. et | = Buy . 
99. When the plan is to be waſhed, if the foot of the glacis be drawn 
in lead pencil only, the termination of the glacis, or its concourſe with 
the adjoining lands, will appear more ſoft and neat. 3 8 
In he colouring of the glacis it is uſual firſt to lay a very light tint of. 
colour over every plane, and then to ſtrengthen the colour on every ſe- 
cond plane, beginning at any ſaliant angle; the ſtrongeſt tint to be next 
the head of the glacis, and to be waſhed gradually off; ſo that the limits 
of the lighteſt ſhade ſhall lie in a diagonal line from the foot of the glacis 
at a ridge, to the head of the valley, as fromytos 
Give a light touch of the pencil or bruſh, with a middling tint of In- 
dian ink, along the inſide of the line, denoting the foot-bank. _ : 
| Waſh the borders of the ditch near the ſcarp and counterſcarp, 
| ſoftening the edge of the colour with a bruſh wet with fair water; is. 
* ditches the colour uſed is diſtilled verdigriſe ; but in dry ditches 12 
The parapet ĩs generally coloured with a middling tint of Indian ink. 
100. By this method of drawing the counterſcarp, all the foſs is ſeen. 
from the flanks, and conſequently is defended by them; which muſt be 
more advantageous than if the counterſcarp was directed to any other 
part of the flank, the intercepted part next the ſhoulder being by it ren- 
dered uſeleſs for the defence of the ditch ; nevertheleſs, if it were on any 
account neceſſary, the direction of the wall of the ditch may point within 
the ſhoulder by the thickneſs of the parapet of the face, and ſtill the fols . 
wou everbe whale einer of the Hint „ . 
101. Fortifications in general would be very defective without foſſes: 
for the wall or rampart need not be raiſed ſo high when there is a ditch, 
aFthie' muſt be without one, to ſecure the place from furprizes by ſcaling, 
ee. Neither is a low wall fo much expoſed as a high ane is in the modern 
methods of attack. Beſides,” a place is not ſo liable to the attempts of a 
ſurprize with a foſs, as it would be without one; for the enemy, if diſ- 
covered, may eaſily retreat while he is on a level with the country, which 
he 'would find ſome difficulty in doing from the bottom of a 2 
| | 2 — 
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bounded by walls or banks nearly upright. Add to theſe, that the earth 
taken out of the ditch ſerves to make the ramparts, parapets, glacis, &&c, 
102. It may appear to ſome perſons, that the broader and deeper a foſa 
is, the better, as it would throw more difficulties in the way of the be. 
ſiegers when they wanted to paſs it; but ſome advantages are beſt waved, 
when, by taking them, greater diſadyantages would enſue. For beſide the 
great expence that the digging and removing fo much earth would occa- 
ſion, the enemy might ſee the foot of the wall at a greater diſtance in a 
broad ditch ; and in a deep one, the cannon of the flanks could not dip 
low enough to defend the bottom. And on the whole, if the foſs by its 
magnitude furniſhed more earth than was wanted; ſome inconvenience 
might ariſe in the diſpoſing of the overplus. 5 
103. Thoſe foſſes are beſt, which can be filled with water and drained 
at pleaſure by the help of fluices or floodgates ; becauſe all the advantages 
that may be reaped either from a wet or dry foſs, are by theſe means ob- 
tained : but as theſe cannot be had every where, the ditch muſt be adapted 
to the ſituation of the place. 5 | 

In dry foſſes a row of paliſades is ſometimes planted along the middle, 
either upright, or ſloping towards the counterſcarp 20? or 30 from the 
k, foſſes, where water can be had, a trench called CuverTTe 
nn (Fig. 12.) is dug along the middle, of about 12 or 15 feet wide and 
6 feet deep, for the water to run in. 

Ide breadth of the foſs, although unequal in itſelf, is reckoned from 
the flanked angles, before which it is always rounded ; the depth here may 
be from 15 to 20 feet, and thence riſe gradually to the middle of the curtin 
where the depth is 4 or 5 feet leſs. b : 


104. A Gr, in a fortified place, is a paſſage through the rampart, 
which can be ſhut up or opened by the means of doors and a portcullis. 
105. A PorTCULLIs is either a Herss conſiſting of ſtrong pieces of 
timber framed like a lattice, the lower ends of the upright pieces being 
ſhod with pointed iron, and the whole frame let down by chains or ropes: 
or Ox cos, conſiſting of ſeveral long pieces of timber not framed toge- 
ther; each hanging by its particular rope or chain, the ends of which are 
wound round a windlaſs which lets them all down together. 5 
The uſe of a portcullis is to ſtop the gateway in caſe of a ſurprize ; 
and in this, the orgues are by much the beſt contrivance ; for a herſe may 
be broken to pieces by ng Lo y cannon-ſhot : but ſhould a beam 
in the orgues be ſtruck off in the mi the uppes part will deſcend to 
ſupply the place of the part taken away, 

Gates are either public or private. 33 8 

106. Private or PosTERN GATES are thoſe paſſages through the 
rampart by which the troops can'go out of the town unſeen by the enemy, 
when they paſs to and from the relief of the duty in the outworks.; or on 
any other occaſion. which is to be concealed from the beſiegers. 


107. Pus- 


* 5 
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| 107. PUBLIC GATES are the paſſages through the middles of the cur- 
tins, to which the great roads or public ways lead. 

They are put in the middles of curtins, as being the beſt defended place 
in the out-line of the rampart. 

The dimenſions of a public gateway are uſually about 13 or 14 feet 


high, and 9 or 10 feet wide, continued through the rampart with proper 


receſſes for the foot-paſſengers to ſtand in while the wheel-carriages paſs 
on. It is uſual to ornament the front of the gateway on the outſide with 
architecture either of the Tuſcan or Doric order, and to cover the paſſa 

with a ffrong vault. Over the vault, cloſe to the town-wall, is erected a 
building of about 18 or 20 feet ſquare, in which is ſuſpended the port- 
cullis; and op the inſide of the rampart there is generally raiſed another 


building, of about 100 feet in front and 30 deep, and high enough to 
contain one or two floors of rooms for one of the town-officers, the 
ground floor ſerving for guard- rooms for the troops who are on duty at 


the gates. 


108. To contract the Plan of a Gate with the adjoining Buildings. Pl. XVI. 


Fig. 9. 


Let the line ac repreſent the thickneſs of the baſe of the rampart, and 


the middle line of the gateway; in which take theſe meaſures in feet: 
af=4t; Fr; rh=18; c:=30; and cm=15 : through theſe points, 


lines being drawn parallel to the curtin, take fd=4+; fb=14; rg e; 


c So; and 4 /=b feet, and complete the figure. 

Then bz repreſents the plan of the frontiſpiece; g of the portcullis 
room; it of the arcade or guard-houſe ; and 14 is the breadih 
fairs to aſcend the rampart. ö 


the plate. | 


1090. Of the diſpoſition of the Streets and Buildings in a Fortreſs. 


When a new town is built and fortified, and all that relates to the 
_ rampart is fixed with regard to ſituation and ſize ; then the plan of the 
ſtreets is to be conſidered ; and here ſome authors have thought it con- 
—— to adapt the poſition of the ſtreets to the climate the town is 
uilt in. | | 

Thus in hot climates, they would have the ſtreets run NE. and SW.; 
NW. and SE.; for then the ſtreets will be ſhaded by the houſes from the 
mid-day ſun: In this manner New Briſac, part of Malta, and ſome other 


regular built towns are laid out. But in cold climates, they adviſe to 


place the ſtreets ſo as to run north and ſouth, eaſt and weſt, in order to 
have as much ſun heat as can be. FR a 


110. P df a Plan of the Streets and Buildings, 
About the middle 1. of the town deſcribe a ſquare, the ſides of which 


ſhall be parallel to the poſition of the ſtreets (already determined); this 


_ ſquare is called the great place of arms, and the fize of it ſhould be pro- 
Ver. Il. — 88 portioned 


th of the 
The plan, to which theſe directions refer, is on the right-hand ſide of | 
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90 yards; in a pentagon, about 100; a hexagon, 120; a heptagon, 140; 


rade, or are aſſembled for their daily exerciſe. ä 


yards, and continue all the lines to the rampart. 


bounded on one fide by the rampart. About 15 yards diſtant from this 


between theſe two ſtreets, the barracks for lodging the officers and fol- 


in thoſe places there are no cavaliers or magazines of powder. They are 


fire; and if there is a conveniency of water-carriage in the town, the 
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portioned to that of the town, and to the number of troops deſigned fr 
its defence. Thus in a ſquare, make the fide of the place of arms abo.t 


an octagon, about 160 yards, &c. In this place oi arms the troops pa- 


In the continuation. of each fide of the ſquare draw ſtreets about 10 
yards wide ; likewiſe through the middle of each fide draw a itreet about 
12 yards broad; croſs thefe ſtreets pergendicularly with others about 8 
yards wide; make the parallel diſtance of theſe crofs ſtreets about 0 


. 0 . | *. 

it is not neceilary, that the middle ſtreets going from the great place 
of arms L ſhould terminate directly againſt the gate E, fig. 9. But it i; 
ſomewhat more convenient, when the circumſtances of the place will ad- 
mit it to be ſo. 5 

Make ſtreets about 10 or 12 yards wide, parallel to the curtins, and 


ſtreet, within, draw anocher ſtreet about ꝙ yards wide. In the ſpace n 


diers are built; and in the ſtreet next the rampart the piles cf ſhot and 
bombs are ſometimes placed. | Fu 
The length of the plan of a barrack before a curtin is about 140 or 
180 yards, and the plan of a pavilion 1 for the officers may be about 25 
yards long by 16 or 18 yards broad. EE, Ba 
Againſt tnoſe curtins where the public gates E are placed, the barracks 
are Ciſcontinued for about 40 yards on each fide the gate, making an 
area abou: 80 yards long, and 36 broad, which ſerves for a leſſer place of 
arms, where che guards of a gate-way draw up in caſe of a ſurprize : 
this area is alſo uſeful for the carriages that are going out to ſtop in, until 
thoſe on the bridge coming in have entered the gate. In figures of 4, 5, 
or 6 ſides this area is leſs, 
The extremities I of the barracks next the gates and baſtions are uſu- 
ally aſſigned for the officers pavilions, being the moſt airy places. 
. 111, Of the rectangular plats made by the interſections of the ftreets, 
the moſt conveutently ſituated ones are to be choſen for the public build- 
ings ; ſuch as the arſcnal, church, town-houfe, market, houſe for the go- 
ver nor, and for the other chief officers in the ſervice of the ſtate; and on 
the remaining plats houſes are built for the burghers. | 
Beſide the guard-houſes of the gates there ſhould be others made on 
the ramparts for the centinels appoiated for the night watch; theſe guard- 
chambers are often placed at the centers of the necks of baſtions, when 


alſo well diſpoſed, when ſet on the middles of theſe curtins where there 
are no public gates, eſpecially when there is a water-gate through which 


runs 2 canal oc river. 


The arſenal ſhould be erected in a place the leaſt liable to accidents of 


arſenal ſhould be placed as near the water as may be. 
There are no general rules to be given for fixing the places on which 
the public buildings are to be erected, becauſe the circumſtances by 
which engineers regulate their plans are various. Therefore inthe fgure 
re- 


1 
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referred to, which is a regular pentagon fortified in the common way, the 
&reets and buildings are laid out in imitation of their diſpoſition in New 
Briſac z which being in general eſteem is uſually propoſed as a pattern 
for beginners. | ; 

There are many writers on this ſubject, who propoſe to make the 
great place of arms, or parade, ſimilar to the figure of the town when 
regular z and from the angles and ſides of this parade, draw ſtreets to the 
middle of the baſtions and curtins; but as this diſpoſition ſpoils moſt of 
the corner houſes in the town by making the walls at oblique angles to 
one another, it was thought ſufficient barely to mention ſuch conſtruc- 
tions. 9 9 


— 


. Of Bridges. 

112, The paſſage over the moats of fortified places is by bridges, moſt 
gommonly made of timber, and ſupported by frames riſing from the bot- 
tom of the ditch : ſuch bridges are either private or public. 

PRIVATE BRIDGES ſerve for the eaſy communication between the 
town and the outworks. 3 5 
Poslic BRIDGES are thoſe by which carriages and paſſengers go over 

when they come into or depart from the town, 

Bridges conſiſt of two parts, namely, the fixed and moveable. 

The FIXED or DORMANT parts of a bridge are thoſe parts, which are 
ſtrongly joined to the ſupporting piers ; and are never moved but in the 
caſes of repairs, or during a ſiege. 

The MoveaBLe or DRAW-BRIDGE is a floor of timber framed to- 
gether, one end of which ſerves as an axis, by which the other end may 
be drawn up or let down by ſome eaſy contrivance: the moſt common 
way is by a kind of balance called plers, 
The Pryxxs are two timber levers about twice the length of the 
bridge they lifr, and joined together by other timbers framed in the form 
of a St. Andrew's croſs, which ſerves as a counterpoiſe. The plyers are 
ſupported by two upright jaumbs, on which they ſwing ; and the draw- 

bridge is raiſed or let down by the means of chains joined at the ends of 
the plyers and bridge. 2 

The breadth of a public bridge is uſually about 16 feet, including the 
' rails and footway of about 3 feet on each fide: but the breadth of the 

draw-bridge is only 9 or 10 feet, and its length about 15 feet. | 

A draw-bridge is generally placed cloſe to the gate, whether it be the 

gate of the town or that of an outwork ; and is then by the means of the 
plyers drawn up againſt the gate. But when a bridge is more than 40 
yards long, it is uſual, beſide the draw-bridge at the gate, to put another 
about the middle of the bridge. 5 0 


113 To draw a Bridge in the Plan of a Fortreſs. 
Before the gates draw four lines acroſs the ditch, making three intervals 


or ſpaces, the middle one being 10 feet broad, and the ſpace on each 
fide three feet. 


*C2 Divide 


—— 
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Divide the length of the bridge i ito parts of about 1 6 feet long each, 
to expreſs the diſtance between pier and pier, or the bays of building ; 
and againſt each diviſion, on the outſide of the lines, make a ſquare of a 
foot, to expreſs tke ends of the piers ſupporting the bridge. 

Allow the bay next the gate for a draw-bridge; and if the length of 
the bridge exceeds 40 yards, allow the middle bay for another draw. 
bridge. Theſe are to be diſtinguiſhed by drawing two diagonals acroſs 

the middle interval of theſe bays, that of the other bays having lines 
drawn acroſs them at a ſmall diſtance from one another, and the ſpace on 
each fide left white for the footway; which is to be broken off at each 
draw-bridge. See figs. 13, 15. Plate XVI. 


114. Of the Orillon and Retired Flank. 

When the beſiegers of a fortreſs have made a breach in the face of 
a baſtion ſufficiently perfect, and have every thing ready for the ſtorm; 
they croſs the ditch to the attack, if the beſieged will ſuffer it to be 
brought on. In this attack, the fire from the flanks is the moſt effectual 
defence ; and cannon placed there, loaded with grape or cafe-ſhot, would 
do great execution. But of this the beſiegers are well aware, and there. 
fore take care before-hand to diſmount all the cannon flanking their in- 
tended paſſage of the fols ; and as this cannot be well prevented by the 
beſieged, eſpecially when the flanks are plain ones, ſeveral of the moſt 
eminent engineers have propoſed, and actually built part of the flanks re- 
tired behind the ordinary limits, leaving at the ſhoulder of the baſtion a 
maſs of earth, commonly called an Orillon, which is to ſerve as a ſkreen 
between the enemy's direct fire and a part of the flank. In this covered 
part is reſerved one or two cannon, to be uſed only in the defence of the 
breach in the face of the next baſtion. 3 | h 

This notion of covering part of the flank is almoſt as old as the mo- 
dern method of fortification. | 


115. To conftru8 the Orilken and Retired Flank, Plate XVI. Fig, 10. 


iſt. At right angles to the face As, draw from the angle of the ſhou!- 
der tke line $b equal to 8 or 9 yards, and make à the center of the arc 
$a, forming the orillon. | | 
zd. From a point z, in the face of the next baſtion, fig. 6, about 15 
yards from the point 4, draw through à a line z ; in which, and alſo in 
the line of defence Ar produced, take the briſures or breaks am and ru, 
each 10 yards, | 
3d. From m and n, with the radius mn, deſcribe arcs cutting in 4, 
| which make the center of the arc mu, or concave flank. . 
4th. In dm produced, which ſerves as the termination at this end, 
lay the ſeveral breadths of the parts of the rampart; as the parapet=6 
| yards, foot-bank=2 yards, walk=12 yards, and the flope=4 yards; 
then from the center 4, through thoſe points, deſcribe arcs, meeting the 
parapet, foot-bank, and. rampart lines of the briſure, theſe being in 
the continuation of the like lines drawn within the face of the next 
The 
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The parapet of the orillon is drawn parallel to s a at 6 yards diſtance. 
The axis or middle line of each uncovered embraſure in the flank, 
ſhould tend toward a point about the middle of the foſs oppoſite the 
flanked angle of the next baſtion. ; 

The wall in the upper briſure am, as it cannot be battered, need not 
be above 2 or 3 feet thick to ſupport the earth behind it. | 
Through this wall there ſhould be a fally. port coming out at the bot - 
tom of the foſs if a dry one, or a little above the water line in a wet foſs. 
The deſcent to this port is by a paſſage under the rampart of the flank ; 
but in ſtraight flanks the fally-port is in the curtin next the angle of the 
flank, the paſſage to it being under the rampart of the curtin. 

The entrance into theſe ſally- ports is marked on the inner ſlope of the 
rampart againſt the letters v. 2 | 


116. O Double Flanbs. 


The progreſs of the works of the beſiegers generally depends on their 
having a greater army than is in the town beſieged, and of forming a 
greater fire on the town than it can return; therefore ſome engineers 
have endeavoured to hinder the progreſs of the beſiegers batteries, by 
furniſhing the town with an equal, or rather a ſuperior fre ; and this has 
been propoſed to be effected by making ſecond and third flanks, one be- 
hind another, gradually more elevated than thoſe before. For as it is 
found convenient to filence the fire of tue flanks, before the beſiegers can 
avail themſelves of the breach they make in the face of the baſtion ; 
batteries are made againſt the flanks, and kept playing at the ſame time 
with thoſe againſt the faces. Now the batteries for the ruin of the flanks 
can be conveniently made only within 10 or 12 yards of the head of the 
glacis, and their length not greater than about 40 yards, containing at 
moſt about 6 or 7 cannon. But if the beſieged can by any artifice pre- 
ſerve the cannon in the oppoſite flank, and have a greater number there 
than-are in the battery oppoſed, their fire will of courſe be ſuperior, and 
ruin the battery intended to offend them; and this was expected to be 
accompliſhed by deuble, or cazemated flanks. | 8; 

In ſome places two or three tier of cannon were placed one above the 
other, the upper ones being ſupported by vaulted work, as in the Tower 
of London; but ſuch having been found very inconvenient, on account 
of the great ſmother contained in the vaults, they have been generally 
conſtructed open. | . 
The cazemated flanks have been condemned by many writers, becauſe 
they may be rendered uſeleſs by the enemy's bombs; were this objection 
juſt, it would hold againſt any ſmall work; for the beſiegers having once 
got the length to any place, may render that place alſo uſeleſs to the be- 

ieged; and it would thence follow, that it were beſt nat to have any 
N 2 of oo. Jus as the utility of ſuch works has been commended 

y ſome of the moſt eminent engineers, it was judged proper to mention 
here how theſe flanks may be conſtructed. * 288 


*C3 SECTION 
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IRNCTION VY. - 
117. Of Works for the Defence of the Foſs. 

Such works are uſually called tenails, or ramſborns, or caponiers. 
ATEN AIIL is a work raifed in the ditch before the curtin upon the 
lines of defence. 3 
A Ramg$HoRN is a curved tenail raiſed in the foſs before the flanks, 
and preſenting its convexity to the covered-way. = 

A CAPONIER is a kind of covered-way or gallery acroſs a dry ditch 
before the middle of the curtin ; and limited between the lines of defence 
and the counterſcarp. fn : 1 

The tenails never riſe above the common ground level, but are fre- 
quently two or three feet lower: they conſiſt of a rampart of about 12 or 
15 yards thick, covered by a pargpet of cannon proof, with one or two 
foot-banks. Theſe works are placed at ſuch a diitance from the curtins 
and flanks, that the ſplinters af ſtone knocked off them by the beſiegers 
cannon may not hurt the troops poſted there to flank the enemy in their 
paſſage of the fofs ; which is the principal ufe they are made for. 

The caponier is of like uſe, but is uſually funk about two or three feet 
lower than the bottom of the foſs. It is about two or three yards broad, 
and is covered by a parapet about 6 feet high on each fide, which flopes 
away like a glacis about 15 yards broad. It is frequently covered by a 
roof made with hurdies, to ſuſtain a floor of earth about a foot thick, and 
the whole ſupported with thick planks muſket-proof, with convenient 
loop-holes for the defendants to fire through. 


- 


118. ” canſtruct Toenails, Plate XVI. 


Firſt fort with flanks, Fig- 11. Parallel to the curtins and flanks, draw 
the lines e g at 4 or 5 yards diſtance, and E e, G g, at 10 yards diſtance : 
from r, and D, the middles of co, ce, draw the flanks rf, o d, at right 
angles to the lines of defence a g, 8 e; draw the curtin 4% and put in the 
rampart, parapet, and foot-bank. | = 

Second fort with faces only, Fig. 12. Take the diſtances from the cur- 
tin and flanks, the ſame as before ; and to the lines of defence annex the 
rampart and garepet.  _ | 

Third fort with faces and curtin, Fig. 3. When the lines of defence 
croſs one another in p, ſo near the curtin that there is not room for the 
thickneſs of the rampart and its diſtance from the curtin, make the face 
ab, cd, each of 3 of à p, and draw the curtin db. 


119. | To conſtruft a Caponier, Fig, 12. 


From the exterior flanking angle p draw a line p59 to the angle of the 
countericarp p; on each fide of D p draw parallel lines, at the diſtances 
of 13, 2, and 15 yards from Dp; theſe lines being limited by the lines 
of detence and counterſcarp, form the caponier. 

This work, which can be uſed only in a dry ditch, ſerves, beſides its 
defence of the foſs, for a convenient paſſage between the town and its 
outworks ; and in this caſe there is uſually a circular excavation made in 


th k © 
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the angle of the counterſcarp, out of which the troops may defile without 
being ſeen by the ene. ny. 


120. To confiruft a Ramſhorn. Plate XVI. Fig. 13. 


A line v à drawn from p, the angle of the ſhoulder, at right angles to 
the line of defence, its interſection @ with B1, the other line of defence 
continued, gives the center a; from which, with the radius an, deſcribe 
the outline Ac of the ramſhorn, c being equal to 10 yards; and annex 
2 parapet, foot-bank, and walk, as in the other tenails. | 

This work ſeemz preferable to either of the other tenails, both on ac- 
count of its ſimplicity, and the defence for which it is conſtructed. 


SECTION VI. 
Of -Outwor ks. 


121. QUTWwoRKs are all thoſe works advanced beyond the foſs, ſerv- 
ing. to augment the defence of the town, to cover the gates, bridges, and 
other weak parts ; to encloſe thoſe eminences, not too far diſtant, which 
command the town; to ſurround and defend the ſuburbs, if auy; and, in 
fine, to throw io many ditiiculties in the way of the beſiegers, that, by the 
length of the ſiege, the enemy may waſte both his time and troops; be- 
ſides, ſuch protraction frequently affords an opportunity of obliging him 
to raiſe the ſiege, either by the approach of a relieving army, or by the 
ſetting in of a ſeaſon unfit for military buſineſs, 

The outworks recorded by engineers are various, ſuch as ravelins, 
half-meons, lunettes, counterguards, horn works, crown works, tenails, and 
ſeveral others. But many of them having been round defective, are 
now diſuſed in all new works and alterations; and therefore thoſe only 
which are now in moſt eſteem will be here treated of, referring the more 
inquiſitive readers to tae writings of Mallet, Dedier, Le Blond, Muller, 
and others. ; 1 

122. The conſtructions of outworks depend on much the fame prin- 
ciples as thoſe of the place itfelf ; to which may be added, Hel 

It, Every part of an outwork ougnt to be flanked or defended either 
from ſome neighbouring work, or from the town itſeif; that the enem 


may not find any place of real ſhelter among the outworks, without be- 


ing at the labour of throwing up a covering for himſelf. i 
2d. As the chief defence depends on the muſket, the parts mutually 
flanking one another ought to be within the ordinary reach of that 
weapon; that is, not exceeding about 300 yards. a 

3d. Every outwork ought to be commanded from the town; and 
therefore the more advanced works are ever to be the l»weit. The gra- 


dation uſually obſerved from work to work is about three feet; that is, 


the rampart of all works advanced before a place gradually diminiſh three 
feet in height from the rampart of that place; thus if the town ramparts 
are 18 feet high, the rampart of the next outwork is 15 feet high, tnat of 


the work next advanced is 12 feet, and ſo on; thus the more advanced 


outworks are commanded by thoſe next within. 
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Fe... The flanked angle of an outwork ought not to be leſs than 60 
— Each outwork ſhould- be ſurrounded with a ditch communicating 
with the foſs of the town. When all the ditches can be filled with water, 
they ought to be equally deep; but when that cannot be obtained, the 
ditches of outworks ſhould be ſhallower than that of the town ; by which 
means the front of the outworks will be better defended from the parts 
which flank them. Theſe ditches are uſually from about 20 to 24 
yards broad, and rounded to that breadth before the faliant angles, with 
the counterſcarps parallel to the faces or outlines of the work they encom- 
aſs. 5 8 , ns re * a 
g 6th. The parapets of outworks are to be equally ſtrong and high with 
thoſe of the town, as they are to be cannon proof, and to cover the troops 
poſted on the ramparts df thoſe works. So that it is uſual to make the 
parapets of outworks of about 18 feet thick, 6 or 64 feet high, with a 
foot-bank 4+ feet lower than the crown or creſt of the parapet; and the 
walk of the rampart about ſeven or eight yards broad, with a ſlope within 
— ̃—— TS. w e 
When the plan of a fortification is to be drawn, in which are out- 
works, the counterſcarp of the great foſs is to remain in black-lead pen- 
cil, until the outworks are annexed in pencil alſo, with their foſſes; then 
the — og way and glacis are to be drawn ſurrounding the foſſes of all 
the wor 5 . 2 Þ ; 4 . * „ I» le” : _— 7 oy On 28 2 


123. Of the Ravelin. Plate XVI. Figs. 14, 15, 16, 17. 
A RAVELIN is a work made before a curtin, ſerving to cover it and 
the adjoining flanks from the direct fire of an enemy. Fe is compoſed of 
two faces, AB, AC (fig. 14), and the two demigorges p B, pc, taken on 
the counterſcarp. ED | 85 5 
To conſtruct à ravelin. In a line drawn at right angles to the curtin 
through its middle, take the capital p A equal to about 100 yards, and 
draw the faces AB, Ac, directed to points in the faces of the next baſtions, 
about 10 yards diſtance from M, the angle of the ſhoulder, © 
In this work put a rampart of about 16 or 20 yards, and a parapet of 
about 6 yards; and before the faces put a foſs of about 24 yards wide, 
rounded before the ſaliant angle A; alſo annex ramps in the ſlope of the 
rampart, and, if proper, conſtruct a barbet in the ſaliant angle. 
The gorge of the ravelin, or the part next the town, is left open, 
without any rampart ; becauſe the enemy cannot attack it there; and 
alſo, that it may be entirely commanded from the ramparts of the 


REMARK s. 
124. It is proper to make à ravelin before every curtin, as the flanks 
are by theſe means covered from the enemy, and cannot well be ruined 
before he is maſter of the ravelin ; without which, he would have it in his 
power to batter the flanks from the counterſcarp, both from before the 
curtin and the face of the baſtion ; the latter of theſe being the only 
place he can hs Tu from, when a ravelin is interpoſed, of which he is not 

| Eras BE | PP —_ 2 maſter, 
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maſter. But the difficulty of erecting a battery on the head of the glacis 
againft the face of a baſtion, is rather too great to be undertaken, while 
the place is defended by the whole fire of the adjacent face of the rave- 
lin; and therefore the beſiegers can ſcarcely hurt the flanks before they 
have taken the ravelin ; conſequently juch works greatly augment the 
defence of a town. N | 
125. As the face and foſs of a ravelin is defended by part of the face 
of the oppoſite baſtion ; therefore the faces of the ravelin ſhould be di- 
rected fomewhat within the angle of the ſhoulder, at leaſt as much as 
the breadth of the parapet and foot-bank of the flank ; beſides, by this 
conſtruction they cover the flanks more effectually, which is one of the 
principal things wanted, as the flanks are of moſt importance, and to be 
preſerved the longeſt, 
126. In wet ditches, where the paſs from the town to the rave- 
lin in boats, it is proper to make a kind of harbour in the gorge of the 
ravelin, where the boats may lie covered from the fire of the enemy; 
and this may be done various ways: One is, by making an excavation 
limited by an arc deſcribed from & (fig. 15), the angle of the counter- 
ſcarp, with 'a radius of about 20 yards. In dry s, it is proper to 
have-either ramps or ſtairs in the gorge of the ravelin, to preſerve a free 
communication, ſhould the bridges be broken by the enemy's ſhot 
127. In ſome ravelins, (fig. 16) there is conſtructed a kind of redoubr, 
or KEEP, which is a ſmall work fimilar to the ravelin, with a ditch of 
about 10 or 12 yards wide. The capital may be about 30 or 40 yards; 
and the work covered-in the faces by a wall of a foot or two thick, fur- 
niſhed with Foop-holes for the muſketry to fire through. 
This Zeep ſerves to ſecure a retreat for the troops who defend the ra- 
velin, and on this account the defence gf the breach in the ravelin may 
be more obſtinately maintained ; and even when the defendants are 
obliged to give way to a ſuperior force, they may retire into the lep, and 
prevent the enemy from making a lodgment in the outward part of the 
ravelin, or at leaſt greatly obſtruct it; and cannot be driven from this 
place until the enemy has erected a batte cy, and brought cannon on the 
ravelin to þatter the keep. 5 . 
The conſtruction may be otherwiſe made by taking the diſtance BA 
equal to about 20 yards on the gorge of the ravelin, and out of the reſt 
forming the keep with its foſs; the (carp and counterſcarp being drawn 
parallel to the faces of the ravelin, the two fronts of which form a work 
covering the keep, and is uſually called the counterguard. | ET 
1328. The ravelins, called by fome authors half mocns, have ſometimes 
their corners at B and c, fig. 14, cut off, either parallel to the capital 
Þ 4, or at right angles to the foſs, making a kind of flank about 12 yards 
ng, with its rampart and parapet. This ſerves to give a more direct 
fire along the covered-way, which is meant more particularly to be de- 
fending ; but then it partly lays open the flanks, which the ravelins were 
originally intended to cover. 3 c 
129. The celebrated General Caborn, in the ravelins which he built 
at Bergen-op- Zoom, contrived a very good defence for the covered- way 
before the faces of the baſtions, by making retired flanks in the breaſts 
of the ravelin, where ene or two cannon might be placed as ſecure from 
BE FS "+ af. ' OY 85 a a 6s 1 * the 
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the enemy's fire, as thoſe behind the orillon of a baſtion. Theſe covered 
cannon in the ravelin ſeem to have been intended for the defence of the 
covered-way on the laſt emergency, as thoſe in the baſtion were for the 
defence of the breach, when the beſiegers brought on the ſtorm. But 
the covered cannon in the ravelin ſeem to have this preference; that as 
towns are not uſually given up until the enemy is maſter of the covered. 
way, the ſecreted guns in the ravelin have an opportunity of being em- 
ployed in the uſe for which they were placed there ; whereas the guns 
covered by the orillons are very rarely of any uſe, as there are few garri- 
ſons which ſtand the ſtorm of the breach in a baſtion. 
130. Coehorn's ravelins may be imitated by the following conſtruction, 
In the gorge of the ravelin take ab, fig. 17, equal to about 20 yards, 
draw the flank 5c at right angles to @ b, make 5c equal to about 12 or 14 
yards, and draw the cover cd parallel to ab. To the flank bc annex 4 
rampart, parapet, embraſures, and ramp; and to prevent theſe flank; 
being raked from the enemy's batteries, particularly by the ricochet, or 
bounding ſhot, there may be made a traverſe about 10 feet thick acroſs 
the top of the flank at c, with a ſmall mine under it, to blow up the tra- 
| verſe when the beſieged are obliged to quit the ravelin, leſt it ſhould ſerve 
to cover the aſſailants from the fire of the town. 8 5 
Caehorn has alſo made flanks at the corners d of the ravelin, which may 
be conſtructed by taking an equal to 10 yards, and drawing ne parallel 
to be, meeting cd in d; then de is the flank required. 
| It ſeems proper, when ſuch ravelins are uſed, that the faces ſhould 
| ſpread on thoſe of the adjoining baſtions 10 or 12 yards farther from the 
| | angle of the ſhoulder, than in ravelins which have no flanks ; and this 
| is done at Bergen-op- Zoom, where the faces of the ravelins would fall be- 
| | tween 20 and 30 yards from the angle of the ſhoulder on the faces of the 
| | baſtians. 
| 


13. | Of the Counterguard, 
A CounTERGUARD is a work generally ſerving to cover a baſtion : 


it is compoſed of two faces, a-rming a faliant angle before the flanked 
angle of a baſtion. . 3 | 


To conflruft it. Plate XVI. Fig. 18. 55 
Faving defcribed the ravelins, and drawn their foſſes, in the counter- 
ſcarp of the ravelin, take ab equal to about 24 yards, and draw the face 
bc parallel to the counterſcarp of the fols before the baſtion ; and the 
outline of the counterguard will be determined ; the inner boundary be- 

ing the counterſcarp of the grand foſs. . | | 
In this work put a rampart about 16 or 18 yards broad, with a para- 
pet of ſix yards, and annex the ramps and a barbet if neceffary : Alſo 
make a foſs of 24 yards in breadth, the counterſcarp being parallel to the 
The counterguard ſeems to be, next to the ravelin, one of the moſt 
uſeful outworks ; for it occupies but little ground, is of no great ex- 
nce, covers the faces of the baſtion ſo effectually, that they cannot be 
— in breach, until the enemy has made himſelf maſter of this — 
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and when he has it, he will meet with difficulties enough in finding earth 
to cover himſelf and erect his batteries; and muſt therefore be at a con- 
fiderable trouble in bringing it from beyond the foſs, while he is ex- 
poſed to the fire of the faces of the neighbouring ravelins; which, with 

the flanks of the baſtions, are the defences of the counterguard. 


132, Of the Tenaillon. 
A TENAILLGN is a work compoſed of a ravelin and two detached 


works called /unettes, which partly or wholly cover the faces of the ra- 


velin from an enemy's direct fire. | | 
When the detached works cover only the lower part of the faces of 
the ravelin, they are called ſmall lunettes : but when they cover the whole 


faces, they are called great lunettes, and this is the work which is here 


meant by the word tenazllon, 


133- To conflrutt a Tenaillon, Plate XVI. Fig. 19. 


Having deſcribed the ravelin and its foſs, the counterſcarp of which is 
rt; in the face e / continued, take t v equal to about 60 yards, and on 
the counterſcarp of the grand foſs take 7 s equal to 25 or 50 yards; then 
drawing s v, the figure 1 ut is the great lunette; to which a rampart, 
parapet, and ramps are to be annexed againſt its faces f v, and branches 
v5, of the ſame kind with thoſe in the ravelin. 

134. A great lunette may be conſiderably ſtrengthened by making 
acroſs its middle, at A, a retrenchment, conſiſting of a rampart, parapet, 
and a foſs about ſix or eight yards broad; and ſeven or eight feet deep; 
the parapet being drawn at right angles to the counterſcarp of the ravelin 
againſt the middle of its face; and the ditch of the retrenchment com- 
municating with that of the ravelin. | 


A tenailion is a work capable of affording great defence to the beſiegers, 


as was evident at the ſiege of Liſle in 1708, where the beſiegers were 
twice or thrice driven out of a tenaillon they had taken and retaken. 


135. Of a Horn-work. Es 
A Houn-worx-is a fortification compoſed of two long ſides, called 


branches, tending toward the town, and of a front formed by a curtin 


| between two half-baſtions. 


This work, when uſed, is ſometimes put before a baſtion, but oftener 


againſt a curtin. 
136. To conflruft a Horn-work before a Curtin. Plate XVI. Fig. 20. 
In a line drawn from o, the angle of the counterſcarp, at right angles 
to the curtin, take oC equal to about 250 or 260 yards ; through c draw 
AA at right angles to oc, and make. Ca, CA, each equal to half oc, fo 
&A is equal to OC, | : _ 
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Take the normal cp equal to ; of Aa, through D draw the lines of 
defence A1; make the faces as equal to & AD; transfer the diſtance BB 
from B to 1 the line of defence, draw the flanks BI and curtin 11, and 
draw the branches aq toward ſome point in the face of the baſtion, 
about 8 or 10 yards from the angle of the ſhoulder. 

Againſt the faces, flanks, curtin, and branches, put a rampart and 
parapet as in the ravelins; make a foſs of 24 yards in breadth before the 
flanked angles A, the counterſcarp of the foſs in the front being directed 
toward B, the angle of the ſhoulder, and the reſt drawn parallel to the 
branches. | ; 

A. ſmall ravelin is uſually put before the curtin of a horn- work, for 
the ſame uſes as that before the curtin of the town. Make the capital 
| CP about 60 yards, draw the faces as in the large ravelins, and make a 
ſoſs about 15 or 16 yards wide, the counterſcarp of which is parallel to 
the faces of the ravelin, which are to be furniſhed with a rampart and 
* Retrenchments are ſometimes made in the horn-work, as in the 
great lunette, and for the ſame reaſon, namely, to increaſe the difficulties 
of an enemy in a ſiege. | 3 

Alſo a ravelin with its foſs is made before the curtin of the town, in- 
dependent of the horn- work, which it commands. 

138. There is another work, called a Crown- work, the front of which 
conſiſts of a whole baſtion, two half-baſtions, and two curtins, and is 
bounded on the ſides by two long branches directed toward the town. 
This work is like two horn- works connected together, by their branches 
being put ſide to ſide. 8 5 

Horn-works and Crown-works have been chiefly wid to incloſe ſome 
rifing or hollow ground, or a ſuburb ; but are now in general diſeſteem, 
on account that their defence is very ſmall in proportion to their coſt, a 
circumſtance by which all works ſhould be partly rated. | 

There are feveral other works called out-works, which may be found 

in the treatiſes written on Fortification, but are here omitted on account 

of the intended brevity of this work, 


1390 Of the Covered-way and Glacis. 
When all the intended outworks arg annexed to the plan, and the ſe- 
veral foſſes are drawn, communicating one with another, the covered- 
way and glacis are to be drawn parallel to the counterſcarps of the foſles ; 
a foot-bank is to range quite round the covered-way, at the foot of 
its parapet. The top of this foot-bank ſhould be at leaſt four feet broad, 
| that there may be convenient room left for the troops to ſtand on, after 
the palliſades are planted, « row of them being always to run quite round 
the covered-way. The manner of ſetting them, as recommended by the 
moſt celebrated engineers, and particularly by the great marſhal Vauban, 
one of the moſt rienced men in-military works that ever lived, is to 
put the palliſades on the upper foot-bank about a foot diſtant from the 
foot of the parapet, ſunk in the ground at leaſt three feet, and their top 
on a level with the bead or creſt of the glacis. | 


| Pallifades 
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Palliſades thus placed are not expoſed to the cannon of the beſiegers; 
the moſt they can do will be only to bruſh their points; neither can 
they be eaſily jumped over by the troops commanded to the attack of the 
covered-way, nor readily cut down; and their diſtance from the parapet 
leaves a ſpace ſufficient for men tq go along to repair any diſorder. 


140. Of Places of Arms. 


Pracks or ARMS in the covered-way are ſpaces made at the entering 
and faliant angles, conſiderably larger than the ſtreet of the covered- 
way, and formed by turning the head of the glacis into two faces pro- 
jecting toward the country; thoſe at the ſaliant angles are formed by 
the roundings of the counterſcarp ; but thoſe at the entering angles are 
thus conſtructed. Plate XVI. fig. 3. | 

In the head of the glacis take the gorges co, co, from 20 to 39 yards; 
draw the faces © f, o 1, ſo that the angles to a be between go and 100 
degrees; and parallel to thoſe faces draw a glacis of about 50 yards. 

The faces of of the entering places of arms ſhould not make angles 
greater than 100 degrees with the branches of the covered-way o a, becauſe 
thoſe branches could not then be defended ſo well by the muſketry, as 

when their ſhot was delivered directly along the glacis, nearly parallel 
to the branches, which can only be done when the defences are nearly 
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at right angles to the places defended. GE 

Some writers have adviſed to round all the ſaliant angles of the places 
of arms, becauſe thoſe angles could then be defended by more men : per- 
haps there might be ſome advantage in notching the faces ſomewhat like 
a redan, as mentioned at Article 66. 

141. The great Caeborn was fo conſcious of the advantage of places 
of arms at the entering angles for the defence of the covered-way, that he 
was very particular in their deſcription, and took ſuch care in the con- 
ſtruction of thoie at Bergen-op-Zoom, that they very well anſwered his de- 
ſign, as was evident in the famous ſiege of this place in the year 1747. 


Coehorn's Places of Arms may be thus imitated. | 
Plate XVI. fig. 21. where the work is on a larger ſcale, to be plainer. 


Take the gorges a b, a b, about 45 yards, and the faces ö c, bc, about 

Jo or 60 yards. At 10 yards diſtance from the faces, draw the fir/# lu- 

nette A, with a ditch before its faces, both together being about ten or 

twelve yards broad, its ends being terminated by the line a B. Within 
this, at about 10 yards diſtance, draw a ſecond lunette n of about five 

yards broad, its ends ſtretching about half-way the breadth of the co- 
vered-way. Behind the ends of each lunette, at the diſtance of two or 
three yards, put a traverſe of about five yards thick, reaching from the 
.countericarp about two or three yards farther than the ends of the lu- 
nette. And about the angle of the counte:ſcarp make a ſkreen of about 

= fox yards in each face and gorge; which ſcreen is to be of brick- work 
with Joop-holes for the muſketry, to favour the retreat to the defendants 
When driven from their works in this well-contrived place of arms. | 
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in the middle of the curtin into the foſs, and riſing thence by ramps or 
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142. * Of Traverſes in the Cvered-way. 


When the beſiegers have puſhed on their approaches ſo far, as to be 
within 30 or 40 yards of the head of the glacis, it will be in their power 
to rake the covered-way from ſome of their batteries; to prevent which, 
and alſo to ſhelter the troops in ſome meaſure from the ricochet or re- 
bounding ſhot, traverſes are thrown acroſs the covered- way, particularly 
on each fide of every place of arms, and in every branch of the cor<red- 
way where the length of that branch exceeds 50 or 60 yards. 

ch traverſe is furniſhed with a foot-bank ; and a row of palliſades 
planted on the foot-bank ; and the paſſage round its end ſhould be fur 


niſhed with klinkets or doors, to ſhut it up when neceſſary, 


143. Of Sally-ways. 
In the middle of ſome faces of the entering places of arms a fally-way 
is made, which is a paſſage cut through the parapet, or head of the glacis, 
to facilitate the ſallies of the beſieged. To make fally-ways in the places 
of arms ſaliant would be improper ; becauſe as thoſe places are the moſt 
convenient to be firſt attacked, they ſhould not by any means be weakened. 
Theſe paſſages are cut oblique to the faces of the places of arms, and 
wind toward the faliant angle in ſuch a manner, as not to be eaſily en- 
filaded or raked ; they riſe gradually from the foat of the parapet, until 
they meet the flope of the glacis, at the diſtance of ſeven or eight yards 
from its head. The roads to the town commonly paſs through theſe 
 fally-ways ; every one of which would be furniſhed with a good barrier, 
to ſhut up aint ſurprizes and ſudden attacks. 


144. -- "> Communication. 


. Every detached work in a. fortification ſhould have a ready and free 
communication preſerved, otherwiſe they might be diſadvantageous to the 
place. : f 1 | 
Communications are preſerved in various other ways than by bridges, 
which are liable to be deſtroyed by the enemy's cannon. In dry foſſes it 
is thus: 5 3 ; 
From the town to the tenail, by a ſubterraneous way under the rampart 


ſtairs into the tenail : from the tenail by a ſubterraneous way into the 
caponier, and thence to the ravelin, either by ramps, ſtairs, or a timber 
ſtage: from the ravelin to the works beyond, the communication is kept 
in like manner; or ſometimes a way is ſunk acroſs a ditch, and covered 
with a parapet next the enemy; and the way from the foſs to the places 
of arms is alſo by ſtairs, or by a timber ſtage. 5 
Over wet ditches the troops are conveyed by boats, or rafts, or by 
little bridges about three feet wide lying nearly level with the water's 
edge; but the latter are inconvenient in the night, and much more fo 
when the defendants are obliged to quit the work precipitately. 
In the gorges of ravelins and other outworks, a ſpace or paſſage five 
or fix feet wide is left between the counterſcarp and the end of the ram- 
part, which ſerves for the communication between that work and the co- 


vered-way. 


/ 
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When wet foſſes are to be repreſented in plans, it is done by giving 
them a tint with diſtilled verdigriſe along the borders of their ſcarps — 

counterſcarps; but in printed plans it is expreſſed as in the ditch of the 
ravelin at fig. 15; and dry ditches are ſhewn in coloured plans by waſh- 
ing the ſaid borders with a tint of brown biſter; but in prints dry foſſes 
are expreſſed as in the ditch of the ravelin at fig. 14: And a cuvet is re- 
preſented by a double line drawn along the middle of the foſs, as againſt 
the front BB of the polygon. 
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0 Of IWorks beyond the Glacis. 


Sometimes, when earth is wanting to raiſe the ſeveral works to their 
proper height, or when the defence is to be increaſed, a foſs about 20 or 
25 yards broad is ſunk at the foot of the glacis, encompaſſing either the 
whole or ſume convenient part of it. But then it is proper that the glacis 
ſhould ſlope quite to the bottom of this foſs, if it is a dry one, or a wet 
one which can be drained ; for otherwiſe, when the enemy comes to be 

poſſeſſed of it, he would find a trench ready dug to ſkreen him from the 
fire of the covered-way, and other places. TR} 

To this advanced foſs is uſually annexed, when it can be, a covered- 
way and glacis; and there are not wanting fortifications, which have 
three covered-ways and glaciſes one before the other, | 

146. Before ſome of the ſaliant angles of the glacis there are ſome 

times conſtructed a kind of work, called a lunette, or by ſome an arrow. 
It conſiſts only of a parapet and foot-bank forming two faces, making 
a ſaliant angle, the legs of which are parallel to the head of the glacis, WW. 1! 
through the ridge of which runs a narrow paſſage to the lunette. Fa | 

147. Sometimes works called redoubts are conſtructed before the ſa- 0 
liant angles; ſome of theſe works have foltes, covered-way, and glacis ; WY 
athers are made to depend on their own defence; but to all theſe de- 
tached works a proper communication muſt be preſerved with the co- 
vered-way, and in ſuch a manner as not eaſily to be cut off. When this 
paſſage is two or three times as long as the glacis is broad, the pallage 
ſhould have one or more traverſes acroſs it, to prevent its being rake 

alſo, on either fide, it ſhould be covered by a parapet and ſmall glacis. 
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148. 55 Of Profiles. 


The PRoFiLE of a work is a figure expreſſing the ſeveral heights, 
depths, and breadths of that work. OE 
The profiles of works are regulated according to their uſe, and alſo ac- 
cartivg to the quality of the materials with which thoſe works are to be 
Thus the ramparts of the town are ever thicker than thoſe of out- 
works ; the breadth of the parapet only remains nearly the ſame in maſt 
works: beſides, a rampart made of good firm earth need not be fo thick 
as one made of looſe and ſandy materials; from 20 to 24 yards will do 
in the former caſe ; but leſs than 25 or 30 yards will not ſuffice with 
EX Profiles 
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Profiles are alſo regulated with regard to the expence intended to be 

beſtowed on the works; that is, according to the outſide coating or wall. 

| ing of the rampart and parapet, namely, whether it be done with earth or 
intire maſonry, or half one and half the other. 

149. When a work of earth is raiſed, and the ſurface is covered or 
plaiſtered with a tenacious ſubſtance made of well-tempered earth or loam, 
| this coating or plaiſtering is called placcage or cruſting. 
| And when the ſurface is covered with graſs turf, or, as it is moſt com- 
mon, with clods of fat mould cut in the form of wedges, and called ga- 

20ons or fods, this kind of coating is called gazonage or ſodding. 
150. When the whole front of a work, from the bottom of the foſ4 
| to the crown of the parapet, is covered or fronted with a wall of ſtone” or 
brick, this kind of work is called entire maſonry. 
1 8 151. When the front of the rampart, from the bottom of the foſs to 
ö the horizontal line, or ground level, or a little higher, is fronted with a 


wall of brick or ſtone, and the remaining part of the front is coated with 
earth, the work is called _ maſonry. 


 Conſtrudtion of Profiles 


152. When * works are coated with earth. Plate XVI. fig. 22; 
Let AHLdq repreſent the horizontal, or ground line, taken . the 

| face of a baſtion, and acroſs the fols, and through the . and 
| glacis: in this line take the following meaſures ; namely, 

1 Ak gg or 4 yards; R c=10 yards: c d= feet ; 4211 feet; 22 
18 or 20 feet: g a = 12 or 14 feet; a H=9 feet; H Iz 12 feet; I 
breadth of the foſs; m L 12 feet; L arg yards; Mp=74 feet; pg= 


ards. 


q arough the points R, c, d, e, 2, h m, , p, * lines perpendicular | 

i to AQ. 

= In theſe lines take u B=3or 4 yards 3 £C= An 4 2 feet; dE C1 
=__ feet; e gd E+4: feet; g G=c 7141 feet; 11218 feet; m K=18 
feet; Mog 2 feet; 9 48 

Draw the lines AR, BC, EF, FG, G 4, HI, KI, Lo, PQ, Then draw 
ED parallel to AH, and equal to 3 feet, and draw oc; alfo diſpoſe of the 
ſpace between o and p, in like manner as between c and p. 

Then will the ſeveral parts of the profile be completed, and repre- 
ſented ; namely, BA the inner, and & à the outſide, flopes of the ram- 
part, to which BC is the walk; FE the infide, and FG the crown of the 
parapet; CD the ſlope, and DE the top of the foot · bank; @ H the berm 
or foreland ; KI the ſcarp; KL the counterſcarp, and 1K the bottom of the 
ditch 3; LM the covered-way; oN the flope, and No the top, of the 

foot- bank; or the inſide of the parapet, and pd the ſlope of the glacis. 
The palliſades & are put on the top No of the foot- bank. T” 

153. In ramparts coated with earth it is uſual to ſet a row of pallifades 
in the front of the „ as at h, about five or ſix feet below the crown 
of the parapet. are not planted vpright, but nearly horizontal, 
the point dripping a little below the level ; and this work, which is called 


2 g * Loccage, is e to prevent ſurprizes by ſcaling, and alſo to 


rtions. 
154. In 
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154. In moſt ramparts coated with earth, whether of the town or out- 
works, it is uſual to plant on the berm, either a row of upright palliſades, 
as at 55 or a quick-ſet hedge of thorn, which -ſhould be kept conſtantly 
cut, to make it grow thick: either of theſe methods ſerves to cover the 
troops in going their rounds. Sometimes both paliifades and hedge are 
uſed, the hedge ſtanding foremoſt. 

The faliant angles of all earth-works ſhould be rounded off; otherwiſe 
the weather would ſoon deftroy the angular edges, and make them look. 
worſe than the other parts. | 


155. N den the coating of the work is entire maſonry. Fig. 23. 
Having determined all the parts through the rampart to the line G g, 
as at Art. 152; in Gg take 61==3 or 4 feet, for the upright face of the 
parapet z on 1, with the radius of one foot, deſcribe a ſemicircle repre- 
ſenting the cordon, which is a large ſemicircular moulding that ranges 
along the whole front; take gr equal to 18 feet, and draw r cs t parallel 


to the ground line, and this repreſents the bottom of the fols, Take re 


and its parallel 1 a, each equal to 5 feet; draw the ſcarp 1c, and draw ab 
parallel to G g, which continue to about 6 feet below r c, and this 1 ne 
repreſents the back of the wall; through +4 draw a line dm parallel to 
the ground line, and this repreſents the bottom line of the foundations, 
which is uſually about 6 feet below the bottoms of the foſſes; though in 
ſome caſes it muſt be more; and let the foundation line bd project about 
2 feet before the ſcarp line 1c. Draw a line about 3 feet behind the front 
line of the parapet G 1, parallel to it, which will repreſent the thickneſs 
of the front wall of the parapet; to which muſt be annexed, at c, a 
little projection, of about 5 inches in fally and height, to expreſs the 
coving . and the outlines of the profile of the rampart will be 
completed. | | = 
156. From the directions already given, it will be eaſy to conceive 
how to regulate the profiles of out-works, whether they are to be fronted 
with turf or maſonry; and according to Art. 155, where the other pro- 
files of the maſonry annexed in the figures 24 and 25; that of 24 being 
a tenail before the cùrtin, of which no more than the parapet riſes above 
the ground level; and conſequentiy the walls to ſupport this work need 
not be ſo thick as thoſe are, which ſuſtain the lateral thruſt of higher 
banks; and for the ſame reaſon, the counterſcarp walls are of a leſs 
ſtrength. In the ravelin, fig. 25, the front is half maſonry, or the wall- 
ing is carried up to the ground level, and the front of the rampart and 
parapet is ſuppoſed to be coated with earth; but the walling in this caſe 
ſhould project about 2 or 3 feet below the foot of the rampart, in order 
to preſerve a proper berm. | 5 
| 157. The walks of all ramparts, and alſo the covered-way, ſhould 
| flope backward, in order to carry off the rain; this ſloping may be about 
half an inch, or an inch in a foot. . 
158. The ſcarping uſually given to earth facings is about 8 inches 
on 12, or the baſe of the ſlope is Z of the height; and the ſcarpings ge- 
nerally allowed to fronts of maſonry is about + or + of its height; and 
with regard to the thickneſs of the walls, Mr. Vauban uſually allowed 
about 5 feet at top, and gradually thickened toward the bottom by their 
Vox. II. | *D ſcarping 


—— — — — I 2 


regularity, it will be ſtronger in ĩtſelſ, and mage effectually anſwer the * 
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ſcarping of 1 foot in 5 of height; and this profile he has experimented 
in the works of 150 towns, where he has directed the building of more 
than 4000000 of cubic yards of walling. But in order to add a —— 


ſtrength to his walls he places buttreſſes, built of rough ſtone, at diſtances 


of 18 feet from one another on the inſide. Theſe buttreſſes are in length 


about the thickneſs of the wall at the bottom, and their breadth on a 
mean, about half their length; and they are carried up as high as the cor. 


don, which greatly contributed to take off the thruſt of the bank againſt 
the wall. 

159. At the flanked angles of baſtiens, and other works, the parapet 
ſhould riſe about a foot or two higher for about 12 or 14 yards on either 
fide the angle, than along the reſt of the faces, and the ſame ſhould be 
obſerved for about 4 or 5 yards on each fide of the more expoſed faliant 
angles of the covered-way : for by theſe means, the troops ranged along 


| thoſe faces will be ſomewhat better defended from the ricochet, or bound- 


ing ſhot. 


160. _ Of Irregular Fortifications. 


When a town or other place is to be fortified, it generally happens 


| that the polygon which beſt circumſcrides its plan will be very irregular, 
and conſequently the fortifying of that polygon will not fall under the 


rules already given for regular fortification : it is therefore proper to point 
out ta a learner how he may proceed on ſuch occaſions, 6 
161. Let the plan of the place be circumſcribed, if poſſible, by a po- 


lygon, the angles of which are all faliant, none leſs than 60 degrees, nor 


much greater than 120; and none of the ſides leſs than 200 yards, nor 


greater than 350. This polygon, which is to be the interior one, ſhould 


have its fides not leſs diftant from the houſes than 50 yards; and the for- 

tification is to be made from the interior ſide. | 
Through every angle of the polygon draw a line biſecting it; and on 

theſe lines, continued without the polygon, lay from the angular points 


the capitals, (in the Table, Art. 86) of thoſe polygons, the angles of which 


are neareſt to the angles in the given irregular polygon. Alſo on each 
fide of the capital, from the ſaid angles, lay the demigorges, correſpond- 


ing to the capitals uſed on the ſides of the polygon. | 


Then the lines of defence being drawn, and the correſponding faces 
laid on them, the maſter-line of the fortification to the given irregular 
polygon may be readily completed (as in Art. 91); to which the rampart, 
foſs, and proper out-works, may be annexed, as before ſhewn. | 

162. In cucumſcribing the given place with a polygon proper to it, if it 
ſhould ſo happen, that the ſides, when drawn at the diſtance of 50 yards 


from the houſes, make a polygon very different from that above directed; 
then muſt the poſitions and lengths of all thoſe lines, or of ſome of them, 
be changed, and various ways tried, when the ſituation will admit of 


thoſe various trials, until one is hit upon which will ſuit the place and 
come near the foreſaid limits, which may be done by encloſing a larger 
ſpace, and permitting the ſides of the polygon to run farther from the 
houſes in ſome places than 5@ yards, And although by theſe means the 


- fortification will be more extended, and thereby occation a greater ex- 


pence both in building and defending ; yet as by its nearer approach to 
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of fortifying, the latter conſiderations may, on ſome accounts, be pre- 
ferred to the former. 
163. It ſhould be obſerved, that regularity is not confined ſtrictly to 
ſuch polygons only as can be circumſcribed by a circle, or nearly fo; for 
a polygon inſcribed in an oval kind of figure will have a great regularity, 
and may be made almoſt equally ftrong, by putting the ſtronger kind vf 
out-works at the narrow ends. For as theſe ends, on account of their 
{mall breadth in proportion to the longer ſides, cannot flank the ap- 
proaches of an enemy fo well as the longer ſides, and as the enemy is not 
under a neceſſity of extending his works fo much; conſequently the 
ſmaller ends may be more advantageouſly attacked, and theretere 
have their out-works ſtronger. i 
164. If the ſituation is ſuch, that one or more of the ſides of the cir- 
cumſeribing polygon cannot by any eaſy means be made leſs than 400 
yards or more; then ſach ſides ſhould be divided into parts of ſome num- 
ber of yards, between 200 and 350, as many as its length will admit of, 
which may tien be conſidered as compoſed of ſo many polygonal ſides. 
At every diviſion, make ſuch a baſtion as the limits will admit, taking 
care that the faces of each are commanded by the adjacent flanks of the 
next baſtions, | | Te 
165. When any of the angles become too acute to make in that place 
a whole baſtion, the angle may be diminiſhed only on one fide, making 
there a half baſtion, and let the other ſide be either left as one line, or 
make two or three ſmall flanks in it, in the nature of a redan (71); ob- 
ſerving that the whole front is commanded by the flank of the next baſ- 
tion. Or ſhould the angle be too ſmall even for a half-baſtion, then both 
ſides may be fortified in the manner of redans, and commanded from the 
flanks of the next baſfions; but, in the caſe of theſe acute angles, the 
angular point ſhould be made very ſolid, and the ſides about ſuch angle 
ſhorter than the others. 1 ; Ts 
I66. Should the polygon have one or more entering angles, which can- 
not be avoided ; when that angle is near go degrees, and the adjacent 
ſides do not each exceed 250 yards, thoſe ſides, with the affiſtance of the 
Hanks of the next baſtions, will very well defend one another, and alſo 
the entering angle: but ſhould the angle exceed 120 degrees, then put 
againſt that angle a work like a baſtion,” if it can be; or if there is not 
room for the projection of the flanked angle, make but one face, obſerv- 
ing that it be raked from one of the adjacent flanks. | 
167. A town that has been fortified in the ancient manner, and has 


_—— a good rampart and foſs, may be put into a good ſtate of defence 
againſt the modern methods of attack, by adding outworks fo diſpoſed as 
to cover the town wall, be mutually defended by one another, and com- 
manded from the ramparts of the town. Such a place, with the out- 

Works judiciouſly diſpoſed, may hold out as many days}as a place formed 

_ on a regular plan, which has been evinced from the good defence made 
by ſeveral towns fortified in this manner. | | 
168. There is # multitude of other things that might be ſaid on the 
buſineſs of irregular fortification, which, on account of the deſigned bre- 
vity of this tract, muſt be omitted; but after all, the beſt notions are ac- 


quired in theſe matters from ſtudying the plans of the fortified towns in 
_ Jeveral parts of the world. Colle&tions of theſe plans may be met wich 
at moſt. priat-ſhops, 


*D2 ” pr 


the moles are made, there need be no more ſaid of them in this work. 


there is an extended view of the ſea; 


mips of an enemy. — 
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R 
Of Marine Fortifications. 
ff Loo) », 
Of the kinds and properties of Harbours: 


169. A HARROUR or PorT is an opening or inlet into the land, 


into which the ſea runs with a depth of water ſufficient to float ſhips, and 


where ſuch veſſels may lie ſecure from tempeſts and the ſea. 
As harbours may be of very different forms, ſo there may be a multi. 


| tude of ways propoſed for their defence; but here the buſineſs will be 


confined to a few of the more common ſituations, 
Harbours in general may be diſtinguiſhed into two kinds, namely, ar- 


tificial and natural. = 


170. Artificial harbours are ſuch inlets of the coaſt, as are rendered 


- fafe for ſhipping to ride there, by building about its entrance certain 
works called MoLES or Piers, which defend the ſhips within from the 


furges of the ſea without. When the moles or piers can be brought ſo cloſe, 
as to be ſhut up by fuices or gates, the harbour is then called a Basox ; 
but the inner part of a harbour, where the ſhips ride in ſtill water, is 
uſually called the baſon. 2 

All artificial ports of theſe kinds are eaſily fortified by building on the 


moles or piers, batteries, redoubts, or forts, which command the entrance 


into the harbour; but as theſe works are uſually done at the time when 


171. Natural harbours are thoſe where the natural figure of the land 
forming them is ſuch as contributes to the ſafety of the ſhipping, by 
ſheltering the veſſels from the fury of the ſea; and this happens in 


various manners, as by a ſhoal lying off the harbour's entrance, which 
breaks the waves, and keeps the water ſtill within; or by the points of 
land which form the harbour's mouth, ſtretching themſelves fo far into 


the ſea, and coming fo near one another, that the ſurges are broken at 


- their entrance; or by a narrow inlet that runs into the land for a conſi- 
- derable way, where the ſhores near the entrance receive the ſhock of the 


waves, and render the upper parts ſmooth enough to anchor in, of which 
kind are navigable rivers ; or by a large deep bay, where iſlands, or other 
obſtructions, contribute to render a part ſeeure for the riding of ſhips at 
anchor, &c. Se. yu” 5 


172. The properties of a good harbour are, a ſufficient depth of water 


for large ſhips to enter at any time, whether the tide be in or out; good 
- offing, and an eaſy acceſs out of all danger from the winds; free en- 
trance, without rock or ſand-bank;; the entrance not too wide to be eaſily 


barred and defended upon occaſion ;. not ſubje to overflow, and where 
ſhips may lay cloſe to the keys; where tha veſſels are ſheltered from all 
winds by the high mountains ſurrounding the harbour, and from which 

lilly, that the ſhipping there be in 
no danger of being ſet on fire, bombarded or cannonaded from ſea by the 


Pd 
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173. There are many places in which ſhips anchor, that lie open to 
the ſea, and are ſafe to ride in only when the weather is calm, or when 
particular winds blow; ſuch anchoring places are called roads. 


VVV 
Of the fortifying of Roads and Harbours. 


174. FIRST SORT. Iden a town lies open to the ſea upon a curved or 
Araigbt bold ſhore, and has before it a ſufficient depth of water and good an- 
chorage, within gun-ſhot of the ſhare. As ſuch places can afford ſhelter for 
ſhipping only at certain times of the year, when they are generally ſure 
to have calm weather, or gentle gales, in which veſſels may fafely ride at 
anchor, they cannot ſo well be ſecured from the attack of an enemy, as 7 
places more incloſed. However, the ſhipping lying there during the 
ſeaſon of trade, may be well defended by forts built near the water's edge 
on each ſide of the anchoring place; ſuch forts being ſo contrived as to 
have two or three batteries, one higher than the other, furniſhed with 
many cannon, carrying ſhot from 24 to 48 pounds, WIH awe the ſhips of 
an enemy in general from undertaking any thing againſt the veſſels that 
are lying in that road. 5 # ES = 7 
175. But in order to defend the town itſelf, there ſhould be a rampart 16 
or wall, well flank ed, built along the ſhore, beſide the forufications on 77 
the land ſide. The works along the ſhore ſhould be carried ſo near to _ 
the water's edge, that were any troops to land under the cannon of a „ 
fleet, they might not find any ground to entrench themſelves on. 
176. Forts built on a bold ſhore, to which ſhips of war can come 
within muſket ſhot, are in general liable to be eaſily taken, unleſs ſome 
precautions are uſed. For as the batteries on ſhore are ſeldom raiſed 
much above the water's level, in order to be more certain of their mark; 
the troops poſted at the guns are liable to be commanded by the marines 
quartered in the round-tops, and other elevated parts of the ſhips. How« 
ever, this may be prevented, either by driving ſeveral rows of piles 
(which are long pieces of timber, or the bodies of trees, pointed, and 
ſhod with iron at one end when neceſſary) in the water before the fort; 
or by fixing along the battery a kind of ſhed made with planks of muſket= 
proof, and covered with raw hides or earth, that they may not be ſet on 
fire by combuitibles thrown from the ſhips. Theſe ſheds are conve- 
nient not only to preſerve the troops poſted at the guns from muſket- 
ſhot, during the time of an attack; but they — alſo preſerve the 
cannon and carriages from the weather at all times; for the expence of 
_ a few rough planks, uſed now and then to repair ſuch ſheds, added to the 
firſt colt, might, perhaps, in a length of time, be found of leſs expence 
than the gun-carriages they would preſerve; and ſhould it turn out 
| otherwiſe, the framing and planks might be prepared in time of peace, 
and ſet up only when there are apprehenſions of an attack; but care 
| ſhould be taken to fix them ſo, as to be leaſt expoſed to the cannon from 
the ſhips, In ſuch ſheds, as they would be open behind, the ſmoke 
would be ſeon diffipated, and = ſooner thrown off by making 
; 93 holes 


- 
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holes in the ſhed over every gun; which holes may be covered by a ſho 
plank raiſed before them. PITT F 8 888 
177. SECOND Sox r. When a harbour, being a bay, has a ſboal or ſmall 
= lying before its entrance > Such a place is fortified by building a 
rong fort on the iſland, in a place where it can command the entrance 
on both ſides, when the ſize of this iſland is not too large for this pur- 
poſe ; but when the mouth of the harbour, and the extent of the iſland 
is too large for one fort on the ifland to guard the entrance, then two or 
more forts ſhould be raiſed in the moſt commodious places that command 
the avenues to the bay. 

178. Beſide the forts raiſed on fuch an iſtand or ſhoal before a har- 
bour's entrance, there ſhould be others raifed on the moſt convenient 

ints of land forming the mouth of the bay ; which will make the de- 
— of the paſſage more ſecure, ſheuld the ſhips of an enemy paſs the 
advanced defences. | | | 

179. When forts are thus built, it is not enough to. contrive them in 
ſuch a manner, that their batteries may annoy the ſhipping which attempt 

a forcible paſſage ; but they ſhould be alſo carefully fortified to reſiſt at- 
tempts from an enuny aſhore ; for ſhould this be neglected, a body of 
marines, or ſeamen, landing on the iſland or place where the battery or 
fort is, would fruſtrate the intention of ſuch fortifications or defences, of 
which there are many inſtances to be met with in hiſtery. 

180. As there may be ſeveral ſpots or points proper to erect the de- 
fences on, and which may command the entrance of the harbour in the 
manner defcribed above, it is of importance to know which will have 
moſt advantages and feweſt diſadvantages ; for both circumſtances are 
to be brought into the account, and that choſen which has moſt of the 
former and feweſt of the latter. Thus the foil ſhould be the firmeſt 
and moſt capable to bear the cannon and building to be erected. The 
ground of a height ſufficient to be out of the reach of tides and floods, 
and not much higher than is barely neceſſary to avoid thoſe inconve- 
niences ; for the cannon commands beſt when near the water's level. 
The place ſhould be difficult for an enemy to land in its neighbourhood ; 
and if landed, where they may be moſt incommoded in their march to 
the fort - where ſuccours may eaſily approach—where the troops on duty 
may without much trouble obtain the neceſſaries of life and where there 
are the feweſt noxious exhalations. | 

When the moſt convenient place for a fort or battery is choſen, the 
next thing to conſider is, whether the work is to be temporary or perpe- 
_ tual ; that is, whether the work is to ſerve only for a preſent emergency, 

or to be kept in repair under a probability of its being 222 at- 
tacked; and whether the work be temporary or perpetual, it is neceſſary 
that it be fuited to the materials at hand, or that can be procured with the 
teaſt trouble and expence. 
181. It may frequently happen, that in ſuch ſituations the paſſage 
between the iſland and main is rather too wide for cannon to com- 
- mand acroſs; therefore, if the place is of ſufficient importance, there 
may be many ways contrived to remedy this defect, when it is poſſible 
to be avoided. The beſt are thoſe which oblige ſhipping to keep in 
one tract or channel; and when this can be accompliſhed, either by 
"_ old ſhipping, running out moles, or conttiving to form ſand- 
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banks or ſhoals, or by any other means that the fituation of the place 
can furniſh ; forts alſo or batteries may be- advanced fo far into the 8 
as to command that channel; er if. the paſſage cannot be reduced to leſs 
than two channels, then a fort ſhould be erected, if poſſible, between 
them. * 
182. In the building of theſe works great care ſhould be taken, that 
the foundations are laid ſufdciently firm to ſupport the ſuperſtructure ; 
and as theſe places are generally low, either in marſhy or * ſituations, 
a great number of piles ſhould be driven into the foil, to the depth of 10, 
20, JO, or more feet, according as they drive with more or leſs difficulty. 
If a quantity of ſuch piles be driven, at the diſtance of 12 or 18 inches 
from one another, over the place intended for the foundation, and the 
tops of them be cut level ſome feet below the ſurface, aftoor of timber 
may be laid over the tops of the piles, and the building raiſed on it. 
183. TyirD SorkT. When the harbour ts in a bay, and the points which 
form the entrance fireteh into the ſea, and approach one another within cannon= 
/hat : Such a harbour is fortified by building on both ſides of its entrance 
one or more forts; and if it is potfible, let a fort be alſo built within the 
harbour's mouth, in ſuch a manner, that its cannon can rake the ſhip» 
ping fore and aft as they come in; for this would be a good reſerve, 
ſhould an enemy's fleet force their way between the forts which cdm- 
mand the entrance. If there is no proper ſpot for ſuch a fort, let others 
be erected on the moſt convenient points, that command the turning to 
the right and left within the mouth of the bay; for by theſe means an 
enemy will be obliged to endure a kind of running fire, which, if the 
forts be well conſtructed, he will ſcarcely be able to ſuſtain. 
184. FourTH SorT. den a barbour is formed by a cluſter of {lands > 
Such a harbour is not difficult to fortify, when the channel between the 
iſlands is not too wide for the command of cannon from one or both 
ſhores, the directions how to place the forts in the foregoing caſes being 
equally applicable to this. And in places where the channel is more 
than cannot-ſhot from either ſhore, the ſhipping that can ride there 
muſt depend upon the batteries aſhore, as in the firſt caſe, when the ſhore 
is bold enough for the ſhips to run under the cannon, | 
185. FirTH SoRr. en the harbour lies in an inlet or river ſome miles 
above its mouth : If the paſſage to the port lies ſtraight, and can be com- 
manded from ſide to ſide, a built at each point of the entrance, and 
two others between them and the harbour, but not oppoſite to one an- 
other, unleſs the width of the channel requires it, will, in moſt caſes, be a 
proper ſeeurity for the ſhipping in ſuch a harbour. And when the chan- 
nel or river is winding, the forts ſhould be built where they can command 
a reach at leaſt ; or be fo placed at the bends, as to command two ad- 
jacent reaches; for as veſſels muſt tack near the forts fo placed, they will 
at thoſe- times be more under the command of the batteries, than they 
would - oe 22 by them on a direct courſe. | 
n ſhe directions for placing forts in this, and the other caſes, there 
has been no mention of the figure, in which it would be moſt proper to 
conſtruct them; for the engineer, who has the charge of ſuch works, 
og wy Anger or ſhould take care to adapt the figure to the ſpot; but 11 
the ſake of the mariner, it was judged proper to point out the methods 1 
uſually taken on ſuch occaſions. | ; 
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286, Of the Figure and Size of Forts. 
| Beſide the forts deſcribed as redoubts (Art. $8, 70), there are ma 
others, ſuch as ſquares, pentagons, hexagons, or the halves of . 
figures, which are fortified with entire baſtions, by nearly the fame kinds 
of ednſtructions as are the polygons in the table, Art. 89; only the mea- 
ſures of the exterior ſide, normal, and face, are much leſs than thoſe for a 
town, and uſually near the following numbers: a 
Make the fide or front about 180 yards; the normal one-ſeventh, or 
one-fixth of the fide ; and the face about twice the normal, or a little leſs ; 
with a ditch, if neceſſary, about 20 yards broad; a rampart broad enough 
for a platform, and a parapet about 12 feet thick. * 

The exterior ſides of forts may be conſiderably leſs or greater than 
180 yards, even between the limits of 60: yards to 200, according to the 
ſize of the ſpot on which it is to be built, and the importance of the 
place it is to defend; for it would be a great abſurdity to build a large 
exp*nfive fort to fecure a harbour or port of little more uſe than as a 
ſhelter to a few fiſhing-boats ; or, on the contrary, to build a (mail trifling 
work to guard a haven, where many ſhips of the utmoſt importance are 
laid up, or riding at anchor. | 
It is not always neceſſary, or even conveyient, to make theſe forts on 
figures perfectly regular; for the ſituation may require ſome of its ſides 
to be ſhorter than others: neither is it neceſſary that the figures ſhould 
| be fortified with baſtions, or half-baſtions, at the angles; for there are 
many caſes, in which it will anſwer the purpoſe equally well, or even 
better, to make a baſtion on the fide of a figure toward the middle; but 
then the faces of the baſtion ſhould be fo drawn, that they may be raked 
from ihe extremities of that fide, by a defence of at leaſt 10 or 12 yards. 

In many caſes there needs no other than a direct defence from one, two, 
or three contiguous batteries, making one, two, or three ſides of the 
figure given to the fort, ſuitable to the ſhore, 


187. | Of proper Forts, and their Diſpeſttion. 


If the place on which the fort is to be built is a ſpot ſurrounded with 
water, forming a channel on both ſides, the figure is to be diſpoſed fo as 
to have one or two of its fronts turned toward each channel, by which 
means the batteries in the flanks will ſcour both up and down the ſtream, 

while thoſe in the faces and curtins command the paſſage directly before 
them. That part to ſeaward my either have a front extended along it, 
or have one of the points of the figure directed that way, according as it 
may be ju'ged moſt convenient; and if before theſe fronts there is any 

ace at which an enemy can land, then one or more batteries ſhould be 
ſo formed, that their guns may be brought to bear on that landing place; 
and if this be thought not ſufficient, a ſmall outwork thould be built near 
that place, to make the landing more dangerous; and on account of the 
convenience of landing, the fort ſhould be furniſhed with a ditch, 
covered- way, and glacis : the part next the harbour .will be ſufficiently 
ſecured by a line thrown up properly flanked. Should the ſituation be 
on a rock, where there is no danger of an enemy's landing, a good line, 
capable of covering the troops and cannon, will ſuffice. If there is only 


J 
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4 channel on one fide fit for ſhipping to paſs through, that ſide ſhould be for- 
tified as in the former caſe ;z and left the enemy's boats ſhould get through 
on the other fide, it ſhould be alſo put in a ſtate of deferce: but here a 
flight redan, furniſhed with a few pieces of ſmall cannon, may be found 
a ſufficient defence againſt the boats. | 4 

188. When a fort is built on a point of the main, the kind of diſpoſi- 

tion uſed iff the foregoing caſe, next to the channel, will alſo obtain in 

this: but it is neceſſary to take proper care of the land tide, which in this 

caſe is more liable to be attacked than in the former. In the nos 
of the land fide, the works ſhould be proportioned to the ſtrength of the 
enemy that may probably appear before it. For there are many places 
where there is no likelihood of ever ſeeing an enemy with a ſtronger force 
than can be exerted by a fleet of three or four ſhips ot war; and as theſe 
cannot be furniſhed ſufficiently for undertaking a regular land- ſiege, a 
well-flaaked line, with a ditch, if properly defended, will ſecure the 
place againft the attacks of failors or marines unprovided with artillery: 

or ſhould a few pieces be brought againſt the place, their paſſage to it 
will be very dangerous, unleſs they can be brought near enough to act 
under cover; and to leave ſuch a cover, would be an unpardonable over- 
fight in thoſe who had the care of conſtructing that fort. But when the 
importance of a place may bring before it a large fleet, and x land army 
properly appointed, then the fortifications on the land fide ſhould be put 
in a ſtate capable of ſuſtaining a vigorous fiege. 

There are many low points on which batteries may be raiſed for the 
defence of a channel, over which a lofty ſhip may have a conſider: ble 
command: in ſuch ports, proper traverſes ſhould be placed, that the line 

of the battery be not raked by the ſhip's guns. | 5% wh 

189, In the conſtructions of all forts it ſhould be remembered, that a 

figure of the feweſt ſides and baſtions that can probably anſwer the pro- 
poſed defence, is ever to be preferred, as the works on ſuch plans are 
ſooner executed, and with leſs expence; beſides, fewer troops will ſerve, 
and they are more readily brought together in caſes of neceſſity. And 
with regard to the executive part of ſuch werks, enough has been al- 
ready faid, only let it be obſerved that where ſtone and brick are ſcarce, 
and there is plenty of wood, then timber works are to be moſt uſed; and, 
on the contrary, ſtone or brick earth being plenty, and wood ſcarce, 
maſonry is to be preferred: and let care be taken never to uſe: ſea-water 
in the lime, nor to make the parapet entirely of ſtone ; for the ſplinters 
driven about by the enemy's cannon, will make it dangerous for the de- 
fendants to continue on their poſtes. 
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SECTION Il 
190. Of fortifying Harbours by Booms. 
Notwithſtanding the forts built for the ſecurity of a harbour, er pat. 
fage, there are many inſtances that might be produced to ſhew that fuch 
forts alone are not ſufficient. The great Sir Walter Raleigh ſays, In 


« this age, a valiant and judicious man of war will not fear to pals by the 
« beſt appointed fort of Europe, with the help of a good tide and a 


& leading gale of wind; no, theugh forty pieces of great artillery open 


their mouths againſt him, and threaten to tear him in pieces. 
ln the beginning of Queen Elizabeth's reign, when Denmark and 


* Sweden were at war, our Eaſtland fleet, bound for Liefland, was for- 


« hidden by the king of Denmark to trade with the ſubjects of his ene 
« mies, and he threatened to fink their ſhips if they came through the 
« {treights of Elſineur. Notwithſtanding this, our merchants, having 


2a ſhip of her majeſty's, called the Minion, to defend them, made the 
< adventure, and ſuſtaining ſome vollies of ſhot, kept on their courſe, 


« The king made all the proviſion he could to ſtop them on their re- 
turn. But the Minion, commanded (as I take it) by William Bur- 
4c rough, leading the way, did not only paſs with little loſs, but did beat 


« Jown with artillery a great part of the fort of Elſineur, which at that 


« time was not fo well rampar'd, as perhaps now it is; and the fleet of 


<« merchants that followed him, went through without any wound re- 
e ceived. Neither was it long ſince, that the duke of Parma, beſieging 
„ Antwerp, and finding no poſſibility to maſter it otherwiſe than by 
< famine, laid his cannon on the bank of the river ſo well to purpoſe, 


<* that he thought it impoſſible for the leaſt boat to paſs by. Yet the 
«© Hollanders and Zealanders, not blown up by any wind of glory, but 


< coming to find a good market for their butter and cheeſe, even the 


* poor men attending their profit, when all things were extreme dear at 


* Antwerp, paſſed in boats of ten or twelve ton, by the mouth of the 


« duke's cannon, in deſpight of them, when a ſtrong weſterly wind and 


<« tide of flood favoured them; as alſo with a contrary wind, and ebbing 
- & tide, they returned back again: fo as he was forced in the end to build 


« his flackade overthwart the river, to his marvellous trouble and charge. 


The fort of St. Philip terrified us not in the year 1596, when we en- 


tc tered the port at Cadiz; neither did the port at Puntal, when we were 


entered, beat us from our anchoring by it, though it played upon us 
with four demi-cannon, within point-blank from fix in the morning 


« till twelve at noon. The ſiege of Oflend, and of many other places, 


« may be given for proof, how hard a matter it is to {top the paſſage of a 


« good ſhip, without another to encounter it. Yet it is true, that where a 
* 2 is ſo ſet as that of Angra in Tercera, that there is no paſſing along 
« beſide it, or that ſhips are driven to turn upon a bow- line toward it, 
« wanting all help of wind and tide; there, and in ſuch places, it is of 
« -reat uſe and fearful : Otherwiſe not.“ | 

vince Sir Walter's time, the Sound has been better fortified, yet in 
1700 Sir George Rook paſſed it, notwithſtanding the Daniſh fleet lay 


ro impede his paſſage. The actions at Londonderry, Vigo, Porto Bello, 


Carthagena, and at many other places, are all ſufficient prooſs, that _ 
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ther forts nor caſtles can ſtop the enterprizes of the brave; and therefore 
it has been judged proper on many occaſions, beſides forts and batteries, 
to lay booms and other obſtructions in a ſtream, to fecure the ſhipping 
there from the attacks of a powerful enemy, 95 


191. | To lay a Boom. | 


Provide a great number of wooden battlings or ſpars of about 20, 30, 


or 40 feet long, more or leſs, and between 5 and 10 inches diameter. 
Then moor two boats, having a ſheet-anchor in each, in the place near 
one ſide of the river where it is intended the boom ſhall begin; bend 
two cables to theſe anchors, and round them place the ſpars or poles, 


frapping on each with rattling ſtuff, or bet:er with four-inch rope, until 
the boom is 7, 8, 9, 10, or more feet diameter (according to the hands 


employed), the cables being in the middle; next, with iron hoops ri- 

vetted together, worm the boom, and drive through the hoop a nail into 

almoſt every ſpar. After having wrought a good birth for the anchors, 

drop them, and continue the work till it is brought near the other edge 

of the river, and there drop two anchors more, with the cables bent to 

them. Then over all laſh the ſpare yards and top-maſts with the top- 
chains, fo far as the channel goes. oY 


To that part of the cable within the boom, over the channel, let two 


or more cables be faſtened, and bent to anchors laid down the ſtream ; 
over the clinch of theſe cables let battlings or ſpars be wrought for near 


ten fathoms down the ſtream, that the enemy may not cut theſe cables. 


Theſe will be ſerviceable when the enemy's {hips come Fem/ings againſt 
the boom; for if he force it in one place, the whole will not be opened 
by that fracture. OS EE 


In places where wood is ſcarce, and proper ſpars are not to be readily 


had, or in caſes where there is not time ſufficient to prepare them, it 


may be found ſufficient to woold two cables together with old ropes, 
laſhing to them the oars, top-maſts, and yards, and worming the whole 
about with iron hoops : and let every part be well payed with pitch, and 


ſmall gravel firewed, on it while the pitch is warm. A boom ſo prepared 


cannot be eaſily cut. 
It is in moſt caſes convenient to have the boom ſo contrived, as to 
open at one end for the paſſage of veſſels ; and this may be done ſeveral 
ways, one is to let one end of the cable be clinched to an end of a large 
mooring- chain, the other end * with a buoy, and this end fixed to 


the ring of the anchor by a ſhackle. Now the chain being looſed from the 
anchor at the ebb with a ſlack hawſer fixed to it, the b will ſwi 


down the ſtream during the ebb, and upon the flood the boom may be 
the 


relaid, if the enemy appear in fight, which he muſt do the firſt 

tide, for upon the ebb there is no danger of his coming ; becauſe, if the 
wind be right in, a prudent enemy will not adventure againſt the tide, a 
ip then making ſuch wild ſteerage ; and ſhould the ground, ſhe muſt lie 
there till flood, which may prove fatal to her from the batteries aſhore ; 
and againſt both wind and. tide the enemy cannot come in. On the con- 
_ trary, ſhould the boom be carried up the flood, and the | 


Enemy appear at 
the beginning of the next flood, the boom cannot be relaid till the ebb, 


and before that time the enemy may have accowpliſhed his deſign. 


192. It 


o MARINE FORTIFICATION. 


192. If there be good ftore of timber at hand, a ffockado may be made 
by driving ſeveral rows of piles in the channel before the . z or 
ſhould the depth of water be too great for this work, the trees may be 
uſefully applicd in making a raft to ride before the boom by good an. 
chors, ſo that the cables be made too faſt for the enemy to cut them, 
Theſe rafts may be of ſingular uſe, by making fires on them, when the 
enemy appears, which will put him into ſome conſternation, and perhaps 
may cauſe him to chop to anchor, and loſe time or his tide ; and this may 
be done each flood, obſerving not to have the ſmoke drive into the works, 
which might give the enemy too great an advantage. 


193- To lay & Dow in a traight Channel. 


Suppoſe the wind for the moſt part to blow obliquely acroſs the river 
or channel on the {tarboard quarter going up the river, if the boom be 
laid directly athwart the channel, the ſhips coming with the tide of 
flood, and a leading gale will run ſtemlings againſt it, and poſſibly break 
it by ſtriking with a force that comes direct; whereas, could the boom 
be laid cbliquely athwart the river, nearly in a line with the wind, 6 
that the ſhip muſt take it with her bow, the blow would be diverted by 
the ſhip's caſting : becauſe in this poſition the enemy cannot run ſtem- 
lings againſt it; for in failing up the river, the ſhip muſt be near before 
the helm; and to bring her head to a boom laid obliquely, the helm 
muſt be put down, and then it is ten to one whether ſhe come to ſo 
Nicely as to take the boom: not to mention the miſtakes which in the 
confuſton may be committed by the man at the helm, and him upon the 
cond, nor the ſmoke ; for excluſive of all theſe, ic may be taken tor 
granted, that the ſhip would caſt along-fide the boom; and then the 
batteries at the end of the boom on the larboard fide would rake him 
fore and aft, while the oppoſite batteries on the ſtarboard fide playing on 
| his broadfide with double- round and partridge, muſt make a great ſlaughter 
among his men, cutting at the boom. And, ſhould he not ſwing along- 
fide the boom, but lie * againſt it, the batteries on the ſtarboard 


— tide of the river, which are to be made above the weather end of the 


windward if they can, and there make the be 


boom, will rake him fore and aft, while thoſe on the larboard ſide play on 
. his quarter or broadſide. | 5 1 | 
1094. The ſhips within the boom, which it is to protect, ſhould be 
. mgored in a kind of half-moon with their broadfides flanking the boom. 
And ſeveral old ſhips, or thoſe which are the leaſt uſeful, may be ſunk as 
ſoon as a ſignal is given from one of the forts, ſignifying that the boom 
will be cut. For this purpoſe, thoſe ſhips ſhould have large ſcuttles 
ready cut: and for a farther ſecurity it would be very proper to have a 
ſmall boom to divert the enemy, that the ſhips may be ſunk in the chan- 
nel before he boards them. © #. a | 
As to the reſt of the ſhips, they are left to the judgment of their com- 
manders : and if there is no other remedy, the people may get aſhore to 
| a 'y defence in their power 
aging the enemy's, boats and fire-ſhips. From duly weighing the whole 
- of theſe circumſfancts it will be found, that the chief ſtrength is in the 
| 3 2 4 5 


* 


MARINE FORTIFICATION. 61 
boom; therefore if a double, triple, or fourfold boom were laid, if the 
materials could be procured, and the value of the ſhipping and cargoes 
were of ſufficient importance, it would make the place ſo much the 
ſtronger, and the enterpriſe of the enemy more hazardous. In ſtretching 
theſe s, the trouble of many anchors may be ſpared by making 
the cables faſt to the firſt, and ſo let them float in a bight, and by a ſmall 
anchor ride upon the ebb, to keep clear of one another, FOOT 


195. | To lay a Boom in the Bend of a River. 


From the point formed by a bend ſtretched two booms acrdfs the chan- 
nel, one toward the middle of the oppoſite bight, and the other ſo much 
higher, as to lie directly athwart the channel, leaving a kind of angular 

ſpace between them. BY 
Next the paint from whence the two booms ſtretch, erect a proper fort 
or battery to command the channel below and above the bend. FRY 

On the other ſide of the river erect another fort or battery againſt the 
bight a little above the end of the lower boom, and fo diſpoſed, that its 
cannon may rake the channel coming up, as well as command both the 
dooms. RT” . 3 
From ſuch a diſpoſition, it is a great chance if a ſhip anſwer her helm 

ſo timely in bearing or loofing about the point, as to take the boom ſtem- 
lings, and if ſhe ſmite it with her bow, the caſts; and in either caſe ſhe 
will be raked fore and aft by one fort, and have her broadſide battered by 
the other. g | bw a 
Let ſome old veſſels be fitted up for fire-ſhips, and placed between the 
two booms; from each ſhip let two hawſers be carried aſhore, one on each 
fide, and fixed to crabs or capſtans ſet up; ſo that as ſoon as the enemy 
has paſſed the firſt boom, theſe ſhips being ſet on fire, and heaved in their 
way, nothing can hinder the enemy's defiruQon. As ſoon as fire is ſet 
to the train, tlie boat may pull aſhore under covert of the ſhip without any 
apparent danger ; for ſuch will be the enemy's conſternation, that they wi 
ſoon leave firing. The hawſers may be faſtened to clamps below the 
water- line, that they be not burnt, nor in fight of the enemy to cut them. 

If the fire-ſhip is clapt aboard the weathermoſt ſhip, they may be both 
heaved together aboard another to leeward. 3 

The ſhips to be defended, may be moored in a balf-moon, with their 
broadſides fo laid, as to batter the enemy when he attempts the boom: 
and if other works than what are here directed be judged neceſſary, they 
muſt be adapted to the ſituation of the place. C 

* When no ſtrong attacks by land are to be feared, the mooring 
of ſhips behind a point is beſt on account of laying the boom. Now 
ſhould the boom be forced, which muſt be upon the flood, a fire-ſhip, 
: inftead of falling on board a ſhip thus moored, will, by the tide, be hus- 
ried beyond her; and if the place be any ways favourable to the ſhips 
moored there, it will be found impracticable to board a ſhip thus moor- 
£d, with ſuch a wind and tide as the enemy muſt have to break the boom, 
_ unleſs he expoſe his boats in carrying out an anchor to warp over, which 
wo - a very dangerous attempt; or ſome unaccountable accident in- 
ene. | by a 


197. It 
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197. It may be objected that ſhips thus moored cannot bring their 
broadſides to bear upon the enemy when coming to force the boom; and 
that they may be battered by the enemy over the point. Io this it may 
be anſwered, firſt, It is no matter whether the broadſides do bear or not, 
for perhaps it might be the beſt way to get the guns aſhore, if there iz 
time, to be there uſed; and to put the ſmaller fort only on the lower 

deck, and turned to flank the boom. Secondly, The enemy will have 
| but an uncomfortable birth in lying to batter the ſhips over the point, as 

they will have to deal with the fire from the fortifications aſhore. What is 
here ſaid, is only to be underſtood when five or fix ſhips are to be de. 
fended ; for the wake of a point would not hold any conſiderable fleet. 


x98. Maxims to be obſerved 


in fortifying a harbour and mooring the ſhip. 
ping in it. Fog 4 
I. Let all the land- marks be removed that may direct the enemy's 
ſteerage into, or up the river or harbour, when there is a probability of an 
attack. 1 
HI. Chooſe ſuch a place, if poſſible, for erecting the works on, as cannot 
de laid under water, either by haſty rains, or by any art of the enemy. 
III. Let the eminences which command the works within cannon- 
ſhot, be ſecured by erecting ſmall forts on them, furniſhed with ſmall 

[V. All woods within cannon-ſhot of the fortifications are to be cut 
down, and the timber employed about the works. OO 

V. Secure a ſpring of freſh water by a fort and proper guard. 

VI. Take all the buoys from the anchors that ride the booms, that 
the enemy may not trip them, chk | 

VII. Let the powder and other munitions be ſeparated and kept in 
different places, that if an accident happens, the whole may not be de- 

ed. | 
III. The ſhips ſhould not be poſted near any town or village, unleſs 
they are intended to cover that place, or the thing be unavoidable; lett 
the ſhot and bombs which miſs the ſhips deſtroy the town. | 

IX. The ſhips ſhould never be moored before the fortification. 

X. Moor the ſhips fo as to rake the enemy fore and aft when he bat- 
ters the works. „ 

XI. Let not the ſhips when moored touch one another, that the ene- 
my may be obliged to burn each ſhip ſingly. 5 NE. 
XII. Unrig the ſhips, and ſtrip the ſhrouds from the maſt-head, that 

the grapplings of fire-ſhips may have no hold. =O On 
. HI. Let the fails be carried aſhore for tents, and moſt of the gun- 
ner's ſtores ; that if the worſt happen to the ſhips, there may be ſtore of 
ammunition for the forts. pate * 

XIV. Unleſs the cargo be aſhore, let not the chefts nor clothes of any 
perſon, from the captain to the ſwabber, be carried out of the ſhip ; that 
every man may have ſome inducement to exert himſelf in the defence. 

V. Let outguards and centinels be placed upon and near the banks 
of the river or harbour; and let ſome hands in nimble boats, armed, pals 
down the ſtream each night to watch the motions of the enemy. 


SECTION 
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199. Of the mooring of ſhips in fortified harbours. 


Before the boom is laid, it will be neceſſary to appoiat the place where 


to moor the veſſels, that they may be beſt ſecured from the enemy's fire- 
ſhips, and yet annoy their men of war; and as this can be only done 
either in the ſtream or out of it, the advantages and diſadvantages in both 
caſes will be here conſidered, bs 
200. Confiderations in mooring with regard ts the flream. 

FinsT. The advantages an enemy has of a ſhip moored in the fream. A 
ſhip moored in the ſtream will find ſome difficulty in bringing her broad- 
fide to gall an enemy in his approach, who always comes with the ſtream ; 
and if the tide runs too ſwift for one to lie athwart, it certainly does ſo 
for the other; both having ground tackle equally good. 

2d. In this ſituation there is no hindering a fire-{hip, that has paſſed the 

boom, from being aboard you, as none but the chaſe-guns can be brought 
to bear on it; and ſhould you heave 8 3 — be — ſurer 
of in u, unleſs by bringing your whole bhroadſide to bear you 
: 2 Pf the Ä | ns. Lac of courage, ſhould forſike _ 

fire-ſhip, yet the tide will bring it aboard; beſides, in ſuch a poſition the 


enemy's ſhips of war may board you, and then your batteries aſhore are 


uſeleſs. 


In riding in the ſtream the cables are expoſed to the enemy; which 
being hit by a chance ſhot, the ſhip will ſwing upon the tide, and the 
enemy have the opportunity of raking you fore and aft; and if the enemy 
has any conduct, he may lay his anchors fo, that his cables ſhall be ſecured 
from your ſhot. | | 

4th. Should you moor athwart the ſtream, the enemy may drop a ſmall 
anchor out aſtern, veer athwart your hawſe, and ſo conſtrain you to alter 
your poſition, or rake you fore and aft, oy 5 

Sth. In riding athwart the ſtream, the cables by bearing a more than 
ordinary ſtrain, are apt to break, or ſtart an anchor; then the ſhip ſwing- 


ing on the tide, it is a great chance but the other anchor ſtarts, and ſhe 


ſwings to leeward. But theſe advantages are on the enemy's ſide only 
While the tide ſets in; for the defendants have them when the tide ſets 


out: therefore, in ſuch places where the ſtream runs continually out, the 


| beſt way is to moor in it, if the wind does not blow always in. 


201. SECONDLY. The advantages a ſhip moored in a ſtream has over an 
_ Iſt. A ſhip moored athwart the tide lies convenient to rake an enemy 
fore and aft in his approgch, and ſo may do him a couſiderable damage 
before he is athwart the ſtream to batter. oO 
2d. In riding thus in the ſtream, according to the common ſituation 
of rivers, the enemy cannot batter you under covert. 


202. TI DTT. A fbip moored out of the fiream has theſe diſadvantages. 
rſt. That ſhe cannot rake the enemy fore and aft ſo well as while ſhe 


r —— foeadies of the place. | * 
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2d. The enemy's men are not much expoſed in mooring ; for he need: 
only to drop his anchor, and he may veer along your fide ; or, if you lie 
athwart the river, acroſs your hawſe : but this may be prevented by ridin 
in the wake of a point; for ſhouſd the enemy drop anchor before he i; 
about the point, he cannot veer along-fidez and if he let go his anchor 
after he is about the point, he may be aſtern before he is brought up. 


203. Four THLY. A ſhip moored out of the ſtream has theſe advantages, 
1ſt. There is no danger of the fire-ſhips driving aboard her, unleſs di- 
rected by a ſtrong wind. And for the fame reaſon, the enemy cannot be 
athwart your hawſe, unleſs he tows there with his boats, and then they 
and their crews are expoſed to your cannon. ; ge 
2d. A ſhip thus moored is in leſs danger of driving, ſhould her cables 


Conſiderations in mooring with regard to the wind. 
204. FirsT. With regard to windward. 3 | | Wo 
Beſides the advantage of being free from the ſmoke, you may cauſe the 
enemy to drive to leeward ſhould you hit his moorings ; arid if he tries to 
heave off by carrying an anchor to windward, his boats will be expoſcd 
to your cannon; and if the boats lay to paſs his ſhip, while he heaves, 
will be raked fore and aft, which muſt do great execution among his 
men while they ſtand thick at the capſtan : but it is highly probable, a 
ſhip ſo grounded could not be got off. 
When to windward, the cables are covered from the enemy by the 
ſhip, and may be ſeized to clamps and cleats nailed to the ſide, and fo the 
mooring ſecured from random-ſhot. And this ought to be carefully done for 
preventing the only diſadvantage that attends ſhips moored to windward, 
which is, that if their cables are ſhot, they drive out upon the enemy, or 
ſwing head to the wind; if the former, they may be boarded by the enemy's 
fire-thips, or ſhips of war, and then your precautions are rendered fruit- 
leſs; if the latter, they may be md fore and aft by the enemy; and it 
neither of theſe happen, the ſhip may drive to leeward and be grounded, 
205. SECONDLY. With regard to leeward. 
A ſhip ſo moored cannot prevent the enemy's being ſent on board, un- 
leſs a ſhoal or ſtockado lie between them. 
In this poſition, ſhould you ſhoot the enemy's cables, through his care- 
leſſneſs in covering them with his hull ; yet as he drives aſhore, or upon 
you, his. boats are covered with his hull, while they carry an anchor to 
windward to heave off. 3 Wo 
Beſides, your moorings lying to windward are expoſed to the enemy; 
and ſhould they be cut, you will (wing head at wind, and in that poſition 
be raked fore and aft; if you attempt to carry out an anchor to heave yout 
broadſide againft the enemy, your boats will be too much under his com- 
mand; indeed, inſtead of carrying out an anchor it may be beſt to clap à 
| {pring upon the cable, but this will fail if the ſhip is too near the fhore. 
Upon the whole, it appears beſt to moor to the windward in the wake 
of a low point, when ſuch a ſituation can be obtained; but the circum- 
ſtances being ſo various, it muſt be left to the judgment of the commander, 
who, if he rightly conſiders what has been faid, will chuſe the beſt. _ 
— — SECTION 
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. 
206. Of ſome remarkable actions concerning t 
attacks of ſhips in fortified harbours. 


Having ſhewn the methods that have been directed by experienced 


men, to be uſed in the defence of harbours, we ſhall now think of cloſing 


this work with the accounts of ſome of the moſt remarkable actions re- 


corded within the laſt 100 years, in which the "7 have had any 


ſhare. This was thought uſeful on two accounts; firſt, as examples to 
the preceding precepts ; and, ſecondly, to point out to the young mariner 
the means by which many have acquired great reputation and honour. 


207. The battle of Santa Cruz, in the year 1657. 


Santa Cruz is a town and bay on the welt fide of t e iſland of Teneriff, 
one of the Canary iſlands. The bay, which lies rather op<n than incloſed, 


has deep water near in ſhore; but the beſt anchoring is about half a mile 
from ſhore, in 30, 40, or 50 fathoms water, black ſlimy ground: if 


there be many ſhips, on mult ride cloſe one by another. The ſhore is 


in general high land, and in moſt places is ſteep to the water. 
Admiral Blake lying with ſome ſhips near Cadiz to watch for the re- 
turn of the Spaniſh plate fleet, had intelligence they were in the bay of 


Santa Cruz, in the iſland of Teneriff ; he broke ground the 13th of 


April, and on the 20th arrived at Santa Cruz, where he found the Spa- 
niſh fleet, to the number of ſixteen, moored in the bay in a half- moon. 
Near the mouth of the bay was a caſtle well furniſhed with near 40 
heavy cannon ; and beſides that, there were ſeven forts round the bay, 
with 6, 4, or 3 great guns in each, all united by a line of communication 
from fort to fort, and well lined with muſketeers. Don Diego Diagues, 
the Spaniſh general of the fleet, upon ſight of the Engliſh feet, cauſed 
the ten ſmaller ſhips to be moored cloſe to the ſhore, and ſet fix great 


leons, well manned, farther out at anchor, with their broadſides to fea : 
n this poſture the Spaniſh admiral vainly thought himſelf ſo ſecure, that 
a Dutch merchant ſhip going out of the harbour, he ſent a meſſage by 


him to Blake, that he might now came if he durſt. 


The Engliſh admiral, having well viewed their poſture, ſaw it would 


be impoſſible to bring off the galleons ; however, he reſolved to burn 


them, and to that end ſent in Captain Stayner, commander of the Speaker 
Frigate, with a ſquadron to attack them. He ſoon forced his paſſage into 


the bay, whilſt other frigates entertained the forts and lines with continual 
broadfides ; theſe were preſently ſupported by Blake himſelf, with the whole 


fleet, who placing ſome of his ſhips to batter the caſtles and other forts, 


he with Stayner continued to engage the galleons; over which, in fix hours, 
he gained (notwithſtanding they had reinforcements of men ſeveral times 
from the ) a complete victory. The Vice-admiral and Admiral 


were blown up in the engagement, and the reſt driven aſhore ; where, 
notwithſtanding the fire from the forts, they were all ſet on fire by the 


Engliſh, and every one of them was burnt to the water's edge. They had no 


fooner done this, than the wind luckily turned, and carried the fleet, with- 


out the loſs of one ſhip, out of the bay, and put them ſafe to ſea again. 
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208. The action of Londonderry, in the year 1689. 
Londonderry is a ſmall but pretty ſtrong town in the north of Ire. 
land: it ſtands on the weſt fide of the river Loughfoyle, about three miles 
from a lake of the fame name; which is about ten miles broad and kf. 
teen miles long, communicating with the ſea by a ſtreight of about a 
mile in breadth, fo that the town ſtands about eighteen miles from the 

, fea. The river next the town is about I of a mile over, and keeps this 

breadth nearly between the town and lake, where its mouth is defended by 
Culmore fort, which is a large ſquare with four baſtions. 

This town was beſieged by the Iriſh and French in the year 1689, and 
the garriſon brought into great ſtraits for want of proviſions, the be. 
ſiegers having ſtrongly fortified the river. There was a boom framed of 

à Chain of cables, covered with timbers, ſtretched acroſs the river about 
two miles below the town, from a point on the eaſt ſide : each end of the 
boom was defended by a fort. Between the boom and Culmore fort 
were two other forts, one on each ſide the river, and another fort above 
the boom oppoſite the town. The ſides of that narrow river were in- 
trenched and lined with muſketeers, and ſeveral boats were ſunk, and 

 Rockadoes drove, armed with large iron ſpikes. 

Notwithſtanding all theſe preparations the boom was forced, the town 

relieved, and the ſiege raiſed, by the affiſtance brought by three ſhips 
only, in the following manner: The Montjoy of Derry, commanded by 

Captain Brownzng, and the Phanix of Culrain, by Captain Douglas, being 

both laden with proviſions, were ſent towards the town, under the con- 

voy of the Dartmouth frigate, commanded by Captain Jabn Leale. They 
were forced to ſtand a furious fire of the enemy from Culmore fort, and 
from the forts and intrenchments on both ſides of the river, which they 
received and returned with the greateft bravery imaginable. The Mani- 

' Joy made a little ſtop at the boom, occaſioned by her rebound, after 

ſtriking and breaking it, fo that ſhe run a-ground. Upon this the ene- 

my gave a loud and joyful ſhout (though a dreadful one to the beſieged), 

Gred all. their guns upon her, and were preparing their boats to board 
her. The trouble and concern of the beſieged, to ſee their laſt hopes 
diſappointed, is not to be expreſſed ; but by great providence, firing a 
broadſide, the ſhock looſened the ſhip ſo, that ſhe got clear and paſſed the 

boom. Captain Douglas was engaged all the while, and the Dartmouth 

gave the enemy very warm entertainment, till at length the three ſhips, 
having overcome the great difficulty of breaking and paſſing the boom, 

. got into the city, and brought unſpeakable Joy and tranſport to a garri- 
| ſon, which reckoned only upon two days life, having nothing left but 
nine lean horſes, and a pint of meal to each man. This brave and ſuc- 
ceſsful undertaking fo diſcouraged the enemy, that they raiſed the ſiege 
the next day, and retreated by night in the utmoſt confuſion ; but made a 
moſt miſerable havock in the country, by robbing and burning all before 

them for ſeveral miles. MFC hays n 
The boom appears to have been laid directly athwart tl 

fo was eaſier to force, than if it had been laid obliquely acroſs. 


209. The 


* 
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20g. Tue action of Gibraltar, in the year 1693. 


The Engliſh fleet, under the command of Sir George Rooke and Sir 
Thamas Hobſon, were convoying a very large fleet of merchant ſhips to- 
ward the Mediterranezn ; but faliing in with the French fleet, under the 

command of Admiral Taurville, the Engliſh admiral gave the ſignal for 
the merchantmen to ſhift for. themſelves. Among others, four heavy- 
laden Turkymen; namely, the Shandais, the Italian Merchant, the A, 
and the Loyalty, ſtood away for the Spaniſh ports, and put into the bay of 
Gibraltar ; where the commanders of the Turky ſhips, being hindered 
from proſecuting their vogage by ſome difſenſion on board, and the fear 
of the French fleet, thought proper to fortify themſelves. . 
For this purpoſe the commanders poſted their four ſhips in a line 
within the new mole, which ſtretches to the NW., with their broad- 
ſides flanking toward the north, or entrance into the mole ; the ſhips 

were unrigged, and conſequently having no fails to manage, they turned 
all hands to the cannon, bringing as many as they conveniently could to 
bear on one fide, 5 8 8 
On the SE. end of the mole, or land- ſide, was a caſtle, in which were 
mounted ten ſmall cannon, four pointing into the bay toward the weſt, 
three commanding the mole, and the reft flanking the NE. ſhore. Op- 
poſite to the mole-head was a kind of redent, very advantageouſly built 
to flank the entrance into the mole ; but neither on this, nor the mole- 
head, had the Spaniards any cannon. From the caſtle there ran north- 
ward a line of communication, or a ftrong ſtone wall, to the ſouth end of 
the town, where was a battery of cannon, but too far from the mole ta 
be of any ſervice in defending it. 4 
The Engliſh ſtretched a cable from the mole-head to the redent, the 

ends being bent to two ſheet anchors, and to this cable they laſhed their | ä 

fſpare-yards and tap- mats. Upon the mole- head were planted fix of the 1 

Shandois's guns to flank the boom, and this battery was committed to the N 

care of ſome Engliſh ſeamen, who behaved themſelves very well. The ” 

commanders intended to plant ſome. guns at the other end of the boom + 

upon the redent, but being obliged to go through the caſtle, the draw< | 

bridge broke, and down went the firſt gun that came upon it into a ditch = 
near forty feet deep, with ſome of the Shandois's men; by this it may 9 | 
be judged in what condition the Spaniſh works and garriſon were. 6 Wo 

In this poſture things were, when the French came into the bay with $i 
fourteen or ſixteen men of war and two bomb-ketches, and ſtanding if. 

within ſhot of the caſtle, the Spaniards ſhewed their dexterity in manage | 19 

ing their ordnance by firing about one ſhot in half an hour. The com- 

manders perceiving their aukwardneſs, ſent a quartermaſter from on 
board the. Shandois, and the gunner's mate of the Loyalty, to their aſſiſt- 
ance and ſome dozens of cartouches; but through want of judgment in 
the Spaniards they were both blown up. All this time not a ſhip could 
bring a gun to bear, and ſo without any damage the enemy paſſed by into 
the bay, where they anchored, | | NB 
In the afternoon they ſent down two men of war to view in what poſture 
the ſhips lay ; as foon as they came within ſhot, the Engliſh fired briſkly 
at them; but before many —ͤ— 24 returned, they ſtood * 


7 : 


three lines; which was all that could be done, the ſhi 
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their ſquadron, and continued quiet that day. Next morning a ſhip of 
upwards of fifty guns came toward the boom, and it proving calm when 
ſhe came within thot, there was pretty briſk firing on both ſides, on 
which ſhe endeavoured to row off, but her boats were ſunk from the bat- 
tery on the mole-head, and had not boats come from the ſquadron to her 
aſſiſtance, the had moſt certainly been funk, having above 100 cannon 
playing upon her from the Englib. The enemy finding ſuch entertain- 
ment provided for them before the boom, ſent off four men war and 
the two homb-Retches, which lying to the ſouthward of the mole, and 
firing over it, raked the Lngliſh fore and aft; who, on actount of their 
former diſpoſition, could not bring one gun to bear upon the enemy, either 
from the four ſhips, or from the mole ;z under thefe circumitances, the 

commanders judged it beit to ink the ſhips. In the evening the Freneh 
ſtood out of ihe bay; and next day ſtood in again; and having poſted 
ſome men of war and their two bomb-ketcnes againit the caſtle and mole, 
they ſent in a ſtore- ſnip which they had turned into a fire-(hip, and burnt 

the upper works of three ſinking thips ; for the Italian Merchant's fore- 
caſtle being under water, ſaved tne Shandois, | . 


210. Diſpoſition of the Engliſh fleet at Cadiz. | 
The 16th of October Sir George Rooke arrived in the bay of Cadiz 
with the fleet under his command, and on the 21ſt it was reſolved in a 
council of war, that as there were but 3o ſhips of the line, 'which was 
not a force ſufficient to oppoſe the enemy, who were expected to be abdwe 
double that number, all that could be propoſed till the fleet ſhould be re- 
inforced from England, was to protect the trade. But left the French 

ſhould appear at Cadiz before this reinforcement arrived, it was agreed 
that the ſhips ſhould be removed within Puntal caſtle, and formed in 
ps being in general 

but half manned, and the Dutch ſhips very foul. | 4 

Theſe three lines were to be as follows: the firſt to conſiſt of the 
largeſt Engliſh ſhips, to lie from Pultal thwart the channel to the creek's 
mouth called Truccadero, next within the north caſtle ; the ſecond to be 
compoſed of the ſmalleſt Engliſh and Dutch ſhips, along the ſhoal on the 

ſouth fide of the harbour; and the third to be of the largeſt Dutch ſhips, 
to begin from the upper end of the ſecond line, and to trench away thwart 
the channel, to the mouth of the upper creek, which goes to Port Real; 
and the ſmall frigates, bomb- veſſels, and fire-ſhips, were to be poſted to 
the beſt advantage, as the wind and other circumſtances might permit. 
However the fleet was not attacked, and about the middle of March Sir 
George put to ſea on his return to England, and arrived in the Channel 
on the 22d of April. e x 


211. Fertifications in the harbour of St. Jobn in Newfoundland, 1697. 
Commodore Norris being ſent with a fleet to recover Hudſon's bay, 

put into the harbour of St. on in Newfoundland, upon hearing that a 

large French fleet were on the coaſt of North America; and not knowing 


the ſtrength of the enemy, he judged it prudent to ſecure his force, =_ 


it might be employed in the ſervice he was ſent on. He therefore put his 
ſquadron into a line of battle, which was compoſed of four fourth rates, 
two fifth, and two ſixth rates, with two fire ſhips, two bomb-veſſels, and 
a hag-boat. Two booms were laid acroſs the harbour, and Colonel Gib- 
ſon's regiment, that was carried by the ſquadron from England, was dif. 
embarked, and ſeveral guns mounted on the batteries aſhote. 75 
When the French ſquadron came in fight, the foregoing diſpoſition was 
altered. All the men of war lay in a hal{=moon to the harbour's mouth; 
and each ſhip's broadſide commanded the two booms : Colonel Gibſon's. 
regiment was poſted at the two batteries, and about the harbour's mouth, 
and Captain Richards (who was. the engineer for fortifying the harbour) 
was making ſuch works as he judged neceſſary on this occation ; and that 
the ſquadron might be better able to do fervice, all the men were taken 
from the merchant ſhips and put on board them. „ 
The French fleet male no attempt on the harbour; but, on the con- 
trary, were glad to find that the Englich had been miſinformed of their 
ſtrength, and ſo ſhaped their courſe for Europe. : 
| | a 
212. Dye battle of Vigo, in the year 1702. 
' Monſieur Chateau- Renault arriving early in September at Vigo in Gal- 
licia, with the Spaniſh galleons under his convoy, received information 
of the Engliſh and Dutch fleets being before Cadiz; of which timely 
intelligence he made all the advantage he could in preparing for their re- 
ception. 


In the upper end of Figo bay is a river running into the bay ; up this 


river is Redor:della harbour, which is ſurrounded with hills in ſuch a man- 
ner, as to be capable of being made very ſtrong, the harbour's mouth not 
being above a muſket-ſhot over. On the north {ide the entrance was a 


battery of eight braſs, and twelve iron guns, and on the ſouth fide a plat= 


form with twenty ſtately braſs guns, and æwenty good iron guns, be- 
ſides a ſtone fort, with a trench about it, mounted with ten guns, and 
_ defended by 500 men. A little above the battery on the right, from two 
points in a narrow gut, was ſtretched a cable, to which was laſhed maſts, 
yards, caſks, &c. with their top chains, and frapped about with four- 
inch rope very thick. The bight of the boom was rid by three anchors 
down the ſtream, that if the Englith ſhips came ftemling againſt it, 


they might not bring home the anchors upon the ſhelf at tne end of the 


boom; or if they cut it in one place, the whole might not be open. To 


flank the boom, there was moored the L'Eſperance, a ſhip of ſeventy. 


guns, on the ſouth fide, and the Le Bourbon, a ſhip of ſeventy-ſix guns, 
on the north fide ; alſo five men of war, of fixty and ſeventy guns each, 
lay moored with their broadſides flanking the gut. The French admiral, 


to give him his due commendation, had taken all human precautions to 


ſecure his fleet. bh. | rg 

When the confederate fleet came before the place, Sir George Rooke 
called a council of war, and it was reſolved to attempt the forcing of the 
harbour the next morning. As ſoon as the land-forces were got on ſhore, 


the 12th of October in the morning, the admiral gave the ſignal to 


weigh, the line: was formed, and the * was briſkly bearing up to 
+ ER che 


MARINE FORT IFICATION. 63 


-” AE. «7 . "> : " — 
PP 5 


-5 MARINE FORTIFICATION. 


the boom ; but when the van was got within ſhot of the batteries, it fell 
calm, fo that they were neceſſitated to come to anchor. A freſh gale 
ſpringing up not long after, Vice-admiral Hopſon, in the Torbay, bein 

next the enemy, immediately cut his cables, clapt on all his fails, — 
bearing up directly againſt the boom, amidſt all the enemy's fire, broke 
through it at once, caſt anchor between the L*Efperance and Bourbon, 
and with unparalleled reſolution received ſeveral broadfides from them, 


goes, with his detachment, having weighed at the fame time, failed 
abreait roward the boom, to add the greater weight and force to the 
ſhock, but being becalmed, they all tuck, and were obliged to hack and 
cut their way through; but a freſh gale blowing again, the Dutch Vice- 

admiral made ſuch good uſe of it, that having hit the paſſage which the 


valiant Hapſon had made, he went boldly in, and made himſeif maſter of 


the Bourbon. All this while Admiral Hopjon was in great danger, for 
being clapt on board by a French fire-{hip,- by which his rizging was 
preſently ſet on fire, he expected every moment to be burnt ; but it very 
fortunately fell out, that the French ſhip, which indeed was a merchant- 
man lader with ſnuff, and fitted up in haſte for a fireſhip, being blown 
up, the ſnuff in ſome meaſure extinguiſhed. the fire, and preſerved Hotlon's 


ſhip from being conſumed, which however received very conſiderable 


damage in this action. At the ſame time Captain Botenham, in the 
Aſſociation of ninety guns, laid his broadſide againſt a battery of ſeven- 


teen guns on the left fide the harbour, while Captain Myvell in the Bar- 


fleur, a ſhip of like force, was ſent to batter the fort on the other fide. 
Thus for a long while there was a conſiderable firing of great and ſmall 
ſhot on both ſides, till the French admiral ſeeing the platform and fort in 
the hands of the Engliſh, his fire-ſhip ſpent'in vain, the Bourbon taken, the 


boom broken, and the confederate fleet pouring in upon him, he tet fire 


to his own ſhip, and ordered the reſt of the captains under his command 
to follow his example, which was done in great confuſion; yet could he 
not be. ſo punctually obeyed, but that ſeveral men of war and galleons 
were taken by the Engliſh and Dutch. —In this action it ſhould be ob- 
ſerved, that the ſucceſs of the fleet was in a great meaſure owing to the 
land- forces under the command of the Duke of Ormond, who not only 
drove away ſeveral bodies of troops deſtined for the defence of the ſhore, 


but alſo took the caſtle and platform on the ſouth fide, which might other- 


wiſe have done great damage to the fleet. 5 


213... The aftion of Carthagena, in the year 2741. 


Carthagena, one of the beſt towns the Spaniards have in South-Ame- 
rica, lies on the Caribbean Sea, almoſt due ſouth of the eaſt end of Ja- 
maica. An irreguiar ſhaped peninſula, running in the direction of the 


ſea-coaft, nearly north and ſouth, forms a fine harbour of about ten miles 
long, and in fome places about two miles broad: near the north end of 
this harbour ſtands the city, its NW. fide being waſhed by the fea, which 


being very ſhoal and rocky to fome diſtance from the ſhore, together 


with a great ſurf, hinders the town from being moleſted to ſea-ward. On 
| the ruth end of the harbour is an entrance called Boca-chica, of about 


— 
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one third of a mile broad, with ſufficient water for the largeſt ſhips. The 
north ſide of this entrance is near a mile long, running eaſt and weft, and 
the ſouth ſide not above half that length; juſt within this paſſage, on the 
ſouth fide, lies a ſmall iſland, between which and the eaſt end of the north 
fide is about one fourth of a mile. 

In the ſpring of the year 1741, England being at war with Spain, an 


expedition again Carthagena was undertaken by the Engliſh ; the fleet 


was under the command of Admiral Vernon, and the land force was con- 
ducted by General Wentworth : the Spaniards, apprized of the deſign, 
made an excellent difpoſition for the reception of their enemies, who 
found the following impediments to their failing into the harbour. 

Near the eaſt end of the north fide of the entrance, ſtood a well- built 
regular ſquare- fort called Boca-chica caſtle, two of its baſtions com+ 
manding the paſſage, the walls of ftone, and mounted with 82 cannon 
and three mortars ; and at the weſt end were the forts of St. Philip and 
St. Jago, ſerving as redoubts to the caſtle, and guarding a ſmall bay 
where there was tolerable landing. On the weſtern end of the ſouth 
| ſhore, called the Barradera, was a faſcine battery of 15 heavy cannon, 


about five of which commanded to ſea-ward, and the reſt flanked the 


weſt ſhore of the other fide, and even the caſtle itſelf, On the iſland 
| ſtood St. Joſeph's fort with 21 guns; between this fort and the caſtle was 
ſtretched a boom obliquely acroſs the paſſage; and above this boom were 


moored, ina line commanding the boom, four men of war, each carrying 


from 60 to 70 guns, | 


Three Engliſh 80 gun ſhips, in about three hours cannonading, 


obliged the enemy to retire from the forts of St. Philip and St. Jago; 
and the army was landed, encamped, and formed the ſiege of the caſtle = 
eight days afterward, the camp having been much galled by .the Barra- 
dera battery, it was attacked, burnt, and moſt of the guns ſpiked, by the 
boats of the fleet, under the command of Captain Boſcawen : but the 
Spaniards, knowing the value of that battery, repaired it; and by its fire 
ſo much interrupted the progreſs of the army, that ſeven days after its 
firſt deſtruction, three ſhips were ordered to lie againſt it, and the boats 
of the fleet were again manned, under the command of Captain Hatſen, 


when they effe y deſtroyed the whole battery. Two days after, on 


the 25th of March, while Bocha-chica caſtle was ſtorming by the army 


through the breach they had made, the Admiral ſent the ſhips boats, un- 


der the command of Captain Knowles, to attack St. Joſeph's fort, which 
he took poileſſion of about ten o'clock at night, and alſo of the Gallicia, 
the Spaniſh admiral Don Blaſs's ſhip, the Spaniards, upon hearing the 
Engliſh huzzas at the caſtle, having abandoned the caſtle, St. Joſeph's 


fort, and the four ſhips, which were already ſcuttled for finking to 


barr up the paſſage; but the enemy, in the utmoſt panic, had not time 
to follow their orders, ſo that only two of their ſhips were funk, and a 

"third they ſet on fire. Captain les immediately ordered the boom 
to be cut, and opened the paſſage, through which Admiral Vernon with 
the fleet failed the next morning: and now the Engliſh having poſ- 
ſeſſion of the harbour, the diſpoſitions were made for gaining 
the town: but here they failed; and the officers thought it better to 
retire with their fleet and army, than to ſtay longer in a country, the un» 
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wholeſome climate of which was infinitely more to be dreaded than the 
utmoſt efforts of its timid inhabitants. 


— 


214. The proceedings of the Engliſh in the river Hughley, in Bengal, in 
| India, 1757. 


In the year 1756, the government of Bengal devolving on a nabob in 
the French intereſt, he, on a frivolous quarrel, diſpoſſeſſed the Engliſh of 
molt of their ſettlements cn the river Hughley : but the governor of 
Calcutta, and many of the factory, ſecured themſelves, and part of their 
effects, on ſhip-board, and fell down the river out of the nabob's reach. 
To regain theſe places, and to puniſh the nabob and the French for 
their perfidious dealings, Admiral Watſon, commanding the fleet, and 
Colonel Clive the land- forces, entered the river Hughley. On the 15th 
of December the army was landed, and, in conjunction with the fleet, 
attacked and took every place of defence on the river up to Calcutta, 
which they retook on the 2d of January, 1757; and before the 11th 
they took the town of Hughley, which they plundered, and afterward 
a Y , 3 | 

On the 5th of February, Captain Farwick, at the head of a party of 
ſcamen, by the Admiral's order, joined Colonel Clive, and the fame day 
they gained a victory over the nabob's army, which obliged him to make 
a peace, very advantageous to the Engliſh. 2 

Afterward, Colonel Clive having taken all the French poſts in the 
neighbourhood of Chandenagore, except one between the fort and the 
river, Admiral Watſon, who was proceeding up the river to ſecond the 
land operations, found himſelf obliged to come to anchor about two miles 
below the place; for the French had done every thing in their power to 
obſlruct the batte of the Engliſh by ſink ing two ſhips, a ketch, a hulk, 
a ſnow, and a veſſel without any maſts, all directly in the channel, within 
gun- ſhot of the fort, and laying two booms, moored with chains, acroſs 
the river. . | SING | 

The Admiral conceiving that a paſſage might be found between thoſe 
ſunken veſſels without weighing any of them, ſent by night ſome expert 
perſons, under the direction of Mr. Delamot, maſter of the Kent, who, 
without being perceived by the French, found out a ſufficient channel, 
and cut the booms; which being effected, and the boats on their return, 
Delamot * hung up a light at the maſt-head of one of the ſunken veſſels, 
at which the enemy kept up a conſtant cannonade during the night. 
On the: 24th the Admiral paſſed through this channel with three ſhips, 
and coming abreaſt of the fort, he anchored ; and in tefs than three hours, 
after a very briſk firing, the enemy hung out a white flag, and ca- 
pitulated, notwithſtanding they were 1200 ſtrong, had 183 cannon, and 
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1 Perhaps Delamot, to cover his 1:| operation, hung up the light at 2 
diſtance from tre place where he was at work, to draw the enemy's fire clear 
from the people employed. 2 | 1 
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three mortars. Captain Latham was ſent to receive the keys, and take 
poſſeſſion of the fort, and colonel Clive, with the king's troops, marched 
in about 5 o'clock. LESS | 


215. Of the frege Louiſburg, in 1758. 


Louiſburg is a ſtrong town in the iſland of Cape Breton; it ſtands at 
the SW. end of a very fine bay, which extends NE. and SW. above 
two miles in length, and is about three quarters of a mile in breadth : 
the entrance, of about one quarter of a-mile broad, is near the middle of 
the bay; its ſouthern fide is formed by a cluſter of iſlands, in one of which 
ſtood a large battery, called-the Iſland Battery, of 36 guns; and on the 
coaſt oppolite the entrance ſtood the royal battery of 42 guns, with a co- 
vered way and glacis before it. In the harbour were 13 fail of ſhips, 
moſt of them lying to the NW. of the town, ready to defend it on the 
harbour ſide, and to impede the approaches on the land fide: the garriſon 
was about 4,000 ſtrong, had about 220 cannon, 18 mortars, and was well 
ſtored with proviſion and ammunition. 3 | 
On the 28th of May, the fleet under Admiral Bycawwen, and the army 
under General Amher/t, aſſembled before Halifax, and on the 2d of 
E they anchored in Gabarus Bay, about two miles to the SW. of 
ouiſburg: but on account of the blowing weather, nothing toward 
landing could be done till the 8th, when ſeven frigates drew near ſhore, 
and for about a quarter of an hour cannonaded the French defences 
thrown up along ſhore; and then the boats landed the troops amidſt a 
very heavy fire, both of the French muſketry and cannon, and a moſt 
dreadful ſurf, which overſet and ſtaved ſeveral of the boats, and drowned 
many ſoldiers; and upon the whole there were above 100 boats loft in 
landing the troops and proviſions. e | 
On the 12th, Brigadier Wolfe was ſent round the harbour to the 
north ſide of the entrance, to conſtruct a battery near the light-houſe, 
and thence to ruin the iſland battery, He drove the enemy from all their 
defences on that ſide, took ſeveral cannon, and by the 20th had com- 
pleted the — battery, which, with the fire from the ſhips, 
filenced the iſland — by the 25th. The light-houſe battery bein 
conſiderably ftrengthened by ſhip- guns; and intrenched, Brigadier Woife | 
was ordered round with his detachment and cannon, and to advance to- 
ward the welt gate, and to try to deſtroy the ſhipping. He took poſt on 
the hills for that purpoſe on the 3oth. | 5 5 
The 29th, the French ſunk four ſhips in the harbour's mouth with 
their maſts cut down; and on the 21ſt of July, one of their ſhips was ſet 
on fire by a ſhot from the marine battery ; this fire communicating to 
two others, the three were burnt. On the night of July 25, Admiral 
Boſcawen detached the boats of the fleet in two ſquacrons, under the 
command of the Captains Lafory and Balfour, to take or burn the only 
two French ſhips then in the harbour. The boats going ſilently along 
the middle of the harbour, the noiſe of the oars was not heard at land, 
nor at the ſhips till the boats were nearly along- ſide; and then the cou- 
rage and activity of the ſeamen rendered all reſiſtance uſeleſs ; one of the 
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ſhips, the Prudente of 74 guns, being aground, they ſet her on fire ; and 
the other, the Bienfaiſant of 64 guns, they cut from her anchors, and 
towed into the NE. harbour amid the fire of the muſketry and cannon 
from the town and other places. | 

In fine, the batteries of the Engliſh being opened, well ſerved, and 
well directed; and the enemy's ſhips, and many of their defences being 
ruined; hw: thought proper to capitulate on the 26th of July, and the 

Engliſh poſſeſſion of the town on the 27th. 


216. Of the taking of Quebec, in the year 1759. 


Que, the capital of the French dominions in North America, 
ſtands on, the NE. bank of the great river St. Lawrence, about 360 
miles from its mouth, and on the ſouth fide of the river St. Charles ; 
which falling into the river St. Lawrence on the north of the town, 
forms a fine baſon of about three miles in length and breadth ; the eaſt 
and NE. parts are terminated by the iſle of Orleans, which is a moſt de- 
lightful and well cultivated ſpot about twenty miles long and ſeven broad, 
formed by the river St. Lawrence. The greateſt part of Quebec ſtands 
on a rocky hill, in ſome places near fifty feet above the river; and on a 
ſmall ftrand at the foot of the hill is built the part called the Lower 
Town: the high land ſtretches up the river St. Charles, and alſo, with a 
ſteep front, for many leagues up the river St. Lawrence. The town 
was fortified and well defended by many batteries; and an army of 
about I0,000 men, under the brave and cautious General Montcalm, 
occupied poſts well intrenched, at every acceſſible ſpot, for an extent of 
near five miles on the fide of the river St. Charles, which was imagined 
to be the only part where the town could be approached by an enemy: 
_ theſe poſts had in front a fand-bank between them and the river, and 

thick woods in their rear. 1 
The Engliſh army, of about 7, ooo, commanded by General Wolfe, 
was landed by Admiral Saunders, who commanded the fleet, on the 27th 
of June, on the iſle of Orleans; and on the 2gth of June a detachment 
drove the enemy from Point Levi, a high promontory on the ſouth ſhore 
of St. Lawrence, which commanded the baſon, and even the town of 
Quebec, and from whence the Engliſh batteries conſiderably damaged 
the Upper Town, and entirely deſtroyed the Lower one: and about the 
fame time a detachment took poſſeſſion of the weſtern point of the iſle of 
Orleans, which alſo commanded the baſon. Admiral Saunders, with 
his diviſion of the fleet, was poſted below the town in the north channel, 
and Admiral Holmes, with his diviſion, was ſtationed above the town, to 
divide we enemy's attention, and guard the batteries playing on the town 
and works. | 

On the 3oth of June, about midnight, fix fireſhips, well prepared 
for burning, their ſails being covered with a compoſition that burnt a 
conſiderable time, were almoſt in an inſtant lighted up, and made a moſt 
terrible appearance. They came down with a gentle breeze and a ſtrong 
tide toward the middle of the fleet, then riding in the north channel, 
pretty cloſe to one another; but this being expected by the Admiral, 
the. boats were ordered out, and theſs dreadful machines towed — 
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on the Iſle of Orleans, where burnt quietly without doing any 
miſchief. The enemy's next attack was by a raft of fire-ſtages com- 
poſed of fir logs, each ſtage about the fize of a long-boat; theſe were 
laſhed together, filled with combuſtibles, loaded piſtols, and gun- 


© barrels, and turned adrift toward the ſhips, but with no better ſucceſs 


than the other : the whole was about 200 feet long, and made a fine 
bonfire. 
General Wolfe having encamped on the gth of July at Montmo- 


renci, on the continent below the town, and tried, during almoſt two 


months, ſeveral ways to bring the enemy to a battle, (all which were 
fruſtrated either by the difficulties of the place, or the vigilance of Mont- 
calm), determined to try what could be done above the town. He 


therefore removed the camp to Point Levi on the oppoſite ſhore, and 


Admiral Holmes's ſquadron made for ſeveral days ſome movements 
up the river, the Engliſh army advancing at the fame time along the 
ſouthern fide ; while M. Bouganville, with a body of 1, 500 French troops, 
proceeded along the northern fide to watch theſe motions. On the 
12th of September, about midnight, the Engliſh were embarked in 
the flat-bottomed boats, and fell ſilently down the ſtream, the enemy 
being amuſed up the river by Admiral Holmes. The boats landed on 


the north fide, not exactly where it was intended, and the troops were 
obliged to ſcramble up a woody precipice, which however 11 
as formed by 


diſperſing a captain's guard poſted there, and the army w 
daylight. | 5 
\ hile this was doing, in order to draw Montcalm's attention an- 

other way, as had been concerted, Admiral Saunders ordered all the 
boats of the men of war and tranſports, well filled with men, to feign 


an attempt on the French intrenchments below the town. The num- 


ber of boats, and the manner in which this falſe attack was con- 
ducted, kept the French general too much alarmed to think what might 
be doing above the town, and which he could ſcarcely believe when 

informed of it; but being convinced, he aſſembled his troops and 
marched to attack the Engliſh, Both armies drew up with great cir- 
cumſpection; and the French adyancing, began the engagement with 
a galling though irregular fire; which was received and borne with 
great patience, till they were come ta. the diſtance of 40 yards; then 
the Engliſh poured in ſuch a well- aimed and dreadful fire, that the French 


army immediately ftaggered; and being puſhed with a true Britiſh 


ſpirit, they broke and yielded up the victory. This decifive- battle was 
followed by the ſurrender of Quebec, by capitulation, five days after ; 
and the Engliſh troops took poſſeſſion of that city and its neighbouring 


country. 


217. The late wars, particularly the laſt, have furniſhed many ex- 
amples of ſea engagements, and of the attack of ſtrong places on the 
ſea-coaſts ; where both the ſea and land officers have ſhewn them- 
ſelves poſſeſſed of all the military knowledge, which good ſenſe and ex- 
perience could produce, beſides that intrepidity fo natural to Bri- 
tons: the few examples here ſelected, chiefly to Huftrate the laying of 
booms, are neither the moſt intereſting, nor thoſe where Britiſh valour 
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has ſhone in its greateſt ſplendor : there are many actions of equal im- 
_ portance, and accompanied with as ſtriking circumſtances, which may be 
found among the accounts -publiſhed on thoſe necaſrons. This ſubject 
cannot be better cloſed, than with a remark of Ad-niral Vernon; hat, 
where men of war can be brought to act at a ſmall diſtance, as about 100 
yards, or leſs, no fort can withſtand their fire; but at a greater diſtance, 
as of half a cannon ſhot, a fort can receive very little damage from the 
fire of ſhip-guns. 
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